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CIIAlTlUv V 

('( )\STRi>(' riox ni' rill. Li;.\i) ( iiami’.iMsS 

VV K ha^e already .si;cii, pp. () ct .v<v/,, through how many st.^j^c's 
the construction of that apparatus has i^one in w hich formerly 
all sulphuric acid, other than fuming oil of vitriol, was made and 
up to now is still made for the most j)art, viz , 'he /Ciul c/innihcr. 
Also that sulphuric acid is formed by the ox)’Ren of the air 
being transferred to sulphur di(»xidc through the intervention 
of the acids of nitrogen and wdth the aid of a molecule of w’ater, 
thus : 

so.f () I- 11,0 SO, II.,. 

All the substances entering int(a the process are in the state 
of a gas or vapour except the water, which is s<mietimes intro- 
duced as a spray or mist. The reacti(jn takes a certain time, as 
the nitrogen compo'Unds which serve as carriers of ox\ gen have 
to be frequently reduced and reoxidi.scd, and as tlu' gases and 
liquids are only gradually mixed so intimately that 'they can 
enter into reaction. There must therefore be a space 
provided in which large quantities of gas can remain for some 
tilne. According to the calc<?lations givcm on pp. 556 and 55«S, 
•»r each kilogram of suljdmr in the state of brimstone 6199, or 
in the state of pyrites 8145 gas, reduced to o and /60 miVi.’ 
pressure, must enter into reaction ; and these figures are a good 
deal increased by the higher temperature, the steam, etc. In 
order to harbour such vast quantities of gas, very lai;gc spaces 
must be provided. Since the strongest acids have to he dealt 
with, both in the liquid and the ga.seous form, most matt^rials 
otherwise used in building are.»out of the question ; and since 
glass, earthenware, etc., are excluded by the .size of the 

apparatus, prcictically only one material remains which is 
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sufficiently chVap a^d suitable for the purpose, viz., lead. The 
disadvantages of this n)^‘tal, such as its great vviiight, its softness 
5 nd lack of rigidity, its low fusing-point, ifs comparatively high 
price, cannot outweigh the advantages which none of the base 
metals share with it for our purpo.sc, viz. : — its great chemical 
resistance to the acid-gases and liquids ; its ductility, which 
permits rolling if into large sheets; its extraordinary pliability 
and toughness, in consequence of which if can easily be shaped 
in every possible ^vay ; and, lastly, even its easy fusibility, which 
permits the edges (jf two sheets to be st) completely united by 
melting together with a strip of lead, that they form a whole 
for all practical purposes, and that it is ihi^s possible tf) make 
vessels (jf indefinitely large size and any shape, provided care be 
taken to support the walls of the vessel on the outside, lest they 
collapse by their own weight. 

A special advantage of lead is thi.s, that even after a number 
of years, when the chambers have become (juite worn out, the 
greater portion of its value can be recovered by remelting the 
material ; even the mud containing lead can be utili.sed. 

'llie attempts to make sulphurie-aiid ehavibcrs from other 
materials than lead have completely failed. To this class 
belongs the proposal of Leyland and Deacon (British patents 
of loth Septcunber and 2nd December 1853] to make them of 
hard-burnt firebricks, slate, sandstone, basalt, etc., set with a 
mixture of melted sulphur and sand. IPleanised india-rubber 
QxgHtta pereha are just as useless; Krafft (Wagner’s jahresber., 
1859. !>• 137) I'^und that giitta percha in an Aid-chamber loses 
six times as much weight as lead, and half as much agahii)f its 
surface. It would be absolutely impossible to use it, becaus^ it 
softens at the temperature of thethambers, and in that statejfs 
even more easily acted upon by the gases. Simon’s zeiode^ 
XBin^L polyt. /, civ. p. 100), a mixture pf *19 sulphur with 
42 pounded glass, to be employed in slabs of 4 in. thickness 
has, no doubt, never been so much as tried for this purpose, no 
more than^the sheets of glass proposed by\vilson and others! 

^ •General Notes m the Erection of Lead Chambers. 

The chambers are always placed at sow elevation above 
the grounWT^l. At the present day chambers arc probably 
nowhere foTm3% placed oj thd* ground itself, or* on such low 
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foundations that one cannot at least walk •underneath ; mostly 
their bottoms are much higher than t||is. The first object of 
this is to give the opportunity of ascertaining whether the 
chambers are tight. If their bottoms are not tasily accessible^ 
large quantities of sulphuric acid may get lost in the ground 
before this is detected. And this means not^ merely a loss of 
the acid, but still more : the foundations are corroded and 
undermined, and th*e whole structure ma)' collapse. The 
expense of building the chambers. on pillars, ^'tc., is not thrown 
away, as the whole %pace underneath can be used as a 
warehouse, which in winter time has always a moderatel)' high 
tempefaturc; or itfinay even, if high enough, be utilised for the 
pyrites-kilns, etc,, although this course is not to be recommended. 
In the latter case the chambers should be from 17 to 20 ft. 
above the ground. At some works, which arc pressed for space, 
even the saltcakc-furnaces, ball-furnaces, etc., are built under- 
neath the chambers ; but the space below them must then be 
at least 30 ft. high. 

In any case the soil must first be examined to a.scertain 
whether it affords a safe Jouudation ; for if the soil settles more 
in one place than in another, the chamber gets out of plumb and 
its bottom out of level, which, owing to the acid l>'ing on the 
latter and to the instability of the chamber-sides, causes great 
inconvenience. A rocky or pebbly ground is best ; next to this, 
sand or clay ; marl br limestone arc bad, because .sometimes acid 
will run over accidentally, which acts u})on it; and this may 
happen even wifti clayey S(jil. In such cases the whole soil 
iyjdunleath the chambers must be protected by a layer of 
asphalt. 

J The pillars upon which^the chamber is erected must, of 
'^course, go down to the “rock,” as in any ordinary building of 
considerable height. If the accumulation of made ground* oV 
loose earth is so deep that it would be too costly to excavate 
and raise the pillar^ from below, piles must be driven in, 
according to well-known building-rules, and the pjjlars built 
upon these. 

The pillars themselves can be made*of brickwork, stoiffe, cast 
iron, or wood. Sometimes, instead of single pillars, two longi- 
tudinal walls are erected, connected by cm^ joist! and 
interrupted \)y doors, windows, et<^, as shovm^in the sketch 
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Fig. 1 58. Such longk walls require much material and make the 
room underneath the cftimbers dark, in syitc the windows. 
They are only suitable where the chambers are placed unusually 
high in order totbuild furnaces underneath. Up to a height of 
about 26 ft. metal pillars seem preferable. 

The cheapest ^jillars are those made of wood or brick's ; very 
rarely they are made of stone — much more frequently of the 
dearer but much stronger and more durable material, cast iron. 
If made of avW, i^und or canted balks of at least 10 in. (better 
12 in.) thickness must be employed. Mbstly fir- or pine-wood 
is used, es[)ecially Scotch fir ; but the American pitch-pine or 
yellow-pine, such as is used for shipbuilding^ is preferable (on 



Fig. 158. 


account of its much greater durability) in spite of its higher 
price. This applies not merely to the jiillars, But even more to 
the frame of the chamber itself. The pillars must vary ih tjieir 
thickness, mutual distance, and the way in which they are stayed, 
according to their height and thc% weight resting upon then|' 
(which may be taken at 150 lb. per superficial foot of the total 
chtfmber-area, for the lead, timber, and acid, .the* latter alone in 
a full chamber amounting to 120 lb. per superficial foot); but 
for an average height of 10 to 13 ft, which will not often be 
exceeded mih wooden pillars, they ougfit not to be further 
apart thaji 10 to at most 13 ft from centre to centre. In any 
case trf^ey are put intef a stone socket projecting from the 
ground, lest the bottom of the* pillar be damaged by any 
moistftre oi' ^gi^ the stone has at the ^top a hollow of J to i 
in. depth, into^ich the fo^t of the pilla'r fits exactly ; at first a 
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little tar is poured into it. Wooden pillars do n^t last for ever ; 
they are not to be trusted very much, and are rarely found now 
in larger works, at Rny rate as principal pillars, except where 
wood is very cheap. 

Frequently brick pillars arc employed. These also arc not 
often made above 13 ft., at most 15 ft. high. Their horizontal 
section Should be at least 18 in. (better 2 ft.) .%juare. They are 
made of common bricks, with a mortar very poor in lime. 

The brick pillars in many works have been replaced by cast- 
iron ones, becau.se the former are not very duTable, especially at 
the top, where the beams rest. Iwen the bricks ihem.selves are 
rotten^by contact with the acid. The\' stand better if previously 
soaked in hot tar* ; but the}' take the mortar very badly after 
that. They may also be {tainted with hot tar afterwards. 

On the Continent, where in consequence of the colder 
winters and hotter summers, the chambers have to be placed in 
a closed building, the pillars may be built in a piece with the 
main walls of this building; but it is even then best to keep 
them sc;[)arate, as they settle down diffcrentl}' from the main 
walls. 

Chambers 20 ft. and upwards in wirlth are sometimes built 
with mixed pillars — viz., brick pillars for the two long sides, and 
wooden pillars for the centre row. 

Stone pillars are not often used for acid-chambers. Made of 
rough stones, thcy^vould be extrcunely clum.sy ; and hewn stone 
in most places is too dear. On tlu' other hand, of course, stone 
pillars of the lattfr kind are very substantial, and last almost for 
ever, lyiless the stone be ver}’ s(;ft and rotten, 

fn the larger works in luigland cast-iron |)illar.s are almost 
Exclusively employed, in spi^- of their higher cost. These can 
,be made 30 or even 36 feet high ; they take very little space, 
and are almosf imperishable if painted from time to timo. 
They can be weighted a good deal more than any otlier pillars, 
unless these are made very thick ; and they can be used as supports 
for many other purpe^es by means of cast-on brackets or even 
of pieces bolted on subsequently. A brick or stone* foundation 
must be made for them up to the level of the ground dV little 
higher ; the top ^one is rnadc^with a .socket to receive the foot 
of the pillar, as in the case of wooden ones ; or hole.s*are drilled 
into the stone, correspoiiding t# other holes incite base of the 
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column ; and«^the joint is made by 
iron cramps, fastened by pouring in 
melted lead, or in some^other way. 

The cast-mctal columns are now 
frequently maclc of an 
section and a little tapering upwards. 
Fig. 159 will skow this more dis- 
tinctly, together with a bracket on 
each side for receiving a wooden 
stay for the timber above. Another 
cross-shaped .section is shown in Fig. 
160. These constructions arc better 
adapted for brackets, etc., than round 
column.s. If higher than shown here 
(15 ft.), they must be correspondingly 
stronger — for instance, for 20 or 24 ft. 
height, 12 in. diameter at the base. 
Such columns can be placed at 20 It. 
distance from centre to centre, if the 
beams resting upon them are strong 
enough. 

Sometimes the columns are made 
of Ttvvv/g/// mv/, of the section shown 
in Fig. 161. 'I'hey arc a little dearer 
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ilvin cast-iron columns, but more 
durable and reliable. 

The pillars are in most w'orks 
placed so that they stand directly 
under tl'fb^sidc frame, which has to 
carry^ tbc weight of .the chamber 
sides, and in the English system also 
the ^'hole'weight of the chamber top. 
This, howevh>in any case suffice.*? 
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only for very narrow chambers ; for chambers of jirdinary width 
(from 20 ft. upwards) a centre row of pillars must be added to 
prevent sagging of the joints. But as flie weight of the acid iu 
a full chamber may be up to four times as much as that of the 
frame and lead combined, it seems more rational to place the 
pillars more inside, in which case two rows sufllce even for a 
chambei^of ordinary width. 

Above the pillar^ there are generally placed lofiiiitudifidl 
sleepers. If there is a continuous wall in the place of pillars, to 
cover this with a 2-in. jjlank will be sufficienf ; but if there are 
separate pillars, the sleepers must be .strong enough to support 
the wl^ole structure of the chambers, both wood and lead ; and 
their strength wilf then depend on the distance between the 
pillars. With chambers of 20 ft. height, and distances between 
the pillars of 20 ft. from centre to centre, the longitudinal 
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sleepers should notj^c less than 12 to 14 in. high, and ought, 
besides, to be supported by stays, as shown in Fig. 162, With 
the pillars placc|) at shorter distances (say 10 or 13 ft.), timber 
of 9 t>y in., always on edge, suffices for the longitudinal 
^Tfbc*pcrs, The joints of the beams of which they consist ought 
•to be well connected, as sho^n in Fig. 162, and should be placed 
between the pillars, where they are supported from below by 
the stays. The upper face of the sleepers must be levelled gis 
well as possible from one end of the chambers t© the other. 
Above these the cross joists are placed, running from side to 
side, and made long enough to carry the side frames, and to 
leave, moreover, a passage round the chambers. Kof the latter 
object only every third or fourth joist , need project about 5 ft. 
on each side. The joists arc mostly planks on edge. * , 

If chambers arc much I^.ss than 20 ft. wide, \yhich^is not 
frequently the case, no central longitudinal s^^cfer is needed, 
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and the cross joists should have 9 by 3 in, section and 
corresponding lengfh. Wider chambers require a centre row 
of pillars and sleepers ; ^ind in this case, a»such long planks are 
not easy to get, the joists can be made in two lengths, resting 
on one of the sfdcs and on the central sleeper. The horizontal 
distance of the Hoor-joists is usually 12 in. from centre to centre. 
Some works cmjiloy joists of 3 by ii in. The lengfh of the 
joists is equal to the width of the chambers />///s the chamber- 
frame, ///z-.v the width of the passage. 

The joists are«cnvcrcd with a i -in. y/eer, laid quite level in 
all directions. As the flooring-boards might easily warp in 
course of time from the heat of the chambers, this must be 
prevented b)’ the well-known methods of carpentry. The edges 
of the boards arc planed so .as to form a perfectly smooth floor 
without any chinks. 

Another .system of building is more in favour on the 
Continent. Ih'rst. from pillar to pillar strong sleepers are laid 
across the width of the chamber ; upon these a large number of 
longitudinal joists are laid, and the flooring-boards on the top 
of these, running from one side of the chamber to the other. 

Upon the whole the e/ ///r ciuonhcr is erected, which 

serves for su[)porting the lead. 1 f constructed of i.vood^ it consists, 
for each side of the chamber, of a sole-tree (sill) and a crown-trec 
(capping), connected by uprights or “ standards,” and further tied 
by cross rails or stays. 'Ihe .sole- and crown-trees and uprights 
are either of .scjuarc section (.s.ay 6 in. square for a chamber up to 
20 ft. high) or obh)ng (say 7 by 3 in.). The ^dc- and crown- 
trees lie on the flat side ; and the uprights are mortise4] into 
them so that their longer side just covers the trees. In*tRb' 
corners the trees project over and .'^rc rabbeted into each other.* 
If no cro.ss rails are employed, the uprights are placed 3 ft. 3 in. 
apart from each other ; if they are connected by cross rails, they 
can be placed 4 ft. apart. The cross rails are 3 in. by 2 in. ; 
they are only partly let into the uprights, in order not to 
weaken these ; and are placed at vertical dfstances of 4 to 5 ft 
from each< 4 her. The chamber-lead is kept a little away from 
the wootUvork in order ^o expose the lead everywhere to the 
cooling action of the air. If this is not done, t^c lead is found 
to be quickly' corroded in the partis protected against radiation 
of heat b>’ thfe^^ood ; it has cv\mi beeif observed .that insects 
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from the wood have bored through it.^ ft is nowi-usuaJ to shape 
the woodwork so as to present the least possible contact with 
the lead, as shown ifi Figs. 163 and 164. Almost the same 
efifect is obtained by using round timber for upry^lits. 

The best kind of timber for this purpose, as well as for all 
others where acids are concerned, is American yellow-pine nr 
pitch-pin’b; but as this is frequently too exf;ensive, ordinary 
red-wood is also vcryjnuch in use. It is beneficial to protect it 
against the action of the acids by a coating of whitewash, which 
is at the same time a sljght protection against the risk of fire. 
Another kind of protection from the former, although not from 
the latt^T, risk consists in painting the woodwork with coal-tar, 
or preferably with a sort of tar-varnish, made b)’ dissolving 
coal-tar pitch in heavy tar-oils, and 
known as “ prepared ” or “refined” tar 
(Lunge’s Coal-'l'ar mid Aimiioiiia^ .ph 
edition, p. 44 1 ). 'fhe latter enters better 
into all the pores of the wood, and on 
drying does not leave so many crevices ; 
it is altogether f)refc'rable to raw coal-tar 
for painting wood, iron, or brickwork, Fig. 163. Fig. 164. 
and is not much dearer. 

The painting of the woodwork is best done twice, and 
before the lead is put on, so that all parts can be reached by 
the brush. ^ 

Special care must be taken lest any acid gets into the 
mortise-holes, wfure the uprights arc joined to the sole-trees, 
etc. Np empty space should be left here where any acid could 
nrage, but all interstices should be filled uj) with coal-tar jiitch 
of the like. It seems also aijothcr good plan to cut out the 
Jbottom of the upright, and make it fit on to a correspoiifling 

saddle-shaped part of the sole-tree, as shown in Fig. 165. 7 ' wo* 

• 

^ I l>ave described such a case, where the beetles in question belonged 
to the species Teiropium luridum and Hylotrupes bajnlus {Z. angew, Chem.^ 
*897? P- 527). Observatiorl^ of the same kind have been made by Hartmann 
in 1891, by Scheurer-Kestner, by W. IJ. Hart {J. Soc. diem. 1906, p. 

456), and others. Messrs Schnorf, of Uctikon, n^ar Zurich, posse^-s a sheet 
of lead strongly damaged by the attack of a wasp, Sirex Many such 

wasps still stick in thi holes made by them, as they are instantaneously 
killed when they have succeeded in perforating the lead anej^jhereby ?omc 
into contact with“the chamber-gases. 
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small lead pi^)es drain away any liquid collecting in the low 
corners, so that no acid can ever lodge there and cause the wood 
to decay. * 

In France sometimes the bottoms of the uprights are not 
at all mortised into the sole-tree, but rest Hally upon them, 
being kept in their places l)y pressure and friction only. 

* \V h c t h e r c ros s r a i 1^ a r e u sed 

there should 
be diagonal stays, to gi\'c more 
V stability to the frame. It is 
not of much cot^scquence how 

the stays arc put, so Jong as 

.'I this is doife according to the 

u'cll-known rules of carpentry. 

England, 

Pn; the chambers are placed in the 

o[)en air, one side of the frame 
is made about a foi>t higher than the other, so that the rain- 
water and melted snow can run off, and on the lower side a 
water-spout is arrangi'd so that the rain-water cannot run along 
the chamber-side down into the acid at the bottom. 

At some places the chamber-frames arc made of angle-iron. 
This plan has the advantage of presenting an extremely durable 
and clean erection and of avoiding overheating of the lead in 
any part. Such frames may be ctuistructed in the following 
manner. The side-frames consist of thin angle-irons cro.ssing 
each other at right angles, the uprights pfft. b in. and the 
horizontals 7 ft. distant from each other. No iron lyiils are 
employed at all; the lead straps are simply bent round •fHc 
angle-irons, 'bhe roof is sus[)cnc^cd from angle-irons in exactly 
the same way. Of course iron frames are more costly than 
•wtfDoden, and must be kept in order by painting from time tc 
time, preferably with coal-tar varnish (p. 591). 

R. Moritz ((jer. T. 235S00; Amcr. F. 981103 ; Fr. F. 395964' 
describes a chamber-framing without any uprights between th( 
single chambers. The side-sheets are held by means of strapi 


on ^och, extending between angle-irons fastened on the irot 
roof- frame, and angle-irons fastened to the flipper edge of th( 
up.sland ®f the chamber-bottom, which is screwed to the lowe 
cross beauff^ the building .by nte^ns of angiilar stays. / 
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great number of details is given in the «y3ecifie^tion for this 
style of frame. 

L t'ad for ( liauibcrs. 

Now the chamber itself can bo erected, and we shall there- 
fore novv^speak of the lead to be emj)loye(l. For this, sheet-lead 
as wide as the rolling-mills can supply it, and of convenient 
length, is used, so as* to have as few seams as possible, 'bhe 
usual thickiiess in hbigland is 6 lb. to the superficial foot, 
sometimes 7 lb., especially for the ends and the toj), or for the 
first chamber of a set. 

Thi« thickness surficient for a chamber to last upwarils of 
ten years ; the bottom lasts longest, because it ch^es not get so 
hot as the sides and the top, and it is also more protected by 
the mud of lead sulphate which collects u[)on it; only in ca.ses 
of gross neglect (for instance, if nitric acid gets to it) it is 
quickly worn out, whether the lead be thick or thin. Hut where 
zific-bleude is used, the nieiriny contained in it ma\’ have* a 
different effect, especially since the bleiKle-furnaces are driven 
at a higher temjjcrature, so that more mercury gets into the 
chambers. According to information received from Dr Hasen- 
clcver in 1902, it has been noticed at Stolberg that the mercury 
acts most strongly at the lateral parts of the bottom which are 
less protected by the sulphate-of-lead mud, and where th(^ joint 
between the side sheet and the bottom sheet causes the double 
layer of lead to collect acid and mercury between the two 
sheets. Here softielime.s mercury is visible in globules, and 
^at part is worn out in less than three N cars. Hence at that 
place the whole bottom is made of stronger lead, rolled extra 
strong at the part next to tfie sides, which is, moreover, pro- 
tected by a covering of acid-proof flags. 

In America ’the usual thickness of lead is only 5 lb. per 
superficial foot, and even 4-lb. lead is sometimes ust‘d {J, Soc. 
Chem. Ind.^ 1885, p. 27); but this .seems very bad economy 
indeed, and it can only be done when burning brimstone. In 
the best American works I have found 6-lb. lead. 

On the other hand, at some of the best English works not 
only is 7-lb. lead a.sed throughout for the chambers, but in the 
most exposed places, such as the front and back^^ids c?f the 
leading chamber and several feet of, the sides 3(ijoining these, 
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9-lb. is useci% Soipetimes the side sheets are rolled so that 
the upper and lower ^two feet arc made stronger than the 
remainder, because these parts are more quickly worn out. 
Chambers buijt in this careful way last upwards of twenty 
years. 

The quality of the lead is certainly of great importance. 
Opinions were formerly not altogether agreed as to the point 
whether pure or impure lead better 'resists the action of 
sulj)luiric acid ; and in the present case it is no doubt not so 
much this acid as the nitrous compounrh; to which the attack of"" 
the lead is due. Most manufacturers formerly inclined to the 
belief that “hard lead” is better adapted^to vitriol-chambers 
than “soft lead.” A test sometimes performed consists in 
trying which of several samples of lead in contact with sul- 
phuric acid gives off more hydrogen from a given surface in 
a given time; but this test is very apt to mislead, and there is 
really no good test known as yet (cf /. Soc, Chcui, hid., 1884, 
p. 230). 

This subject has been fully discussed before, pp. 324 ct scq.^ 
where the conclusion was reached that for vitriol-chambers 
\\\Q. purest and softest lead is the most suitable material. In Z, 
angew, Chcui., 1892, p. 643, I have given the following analyses 
of lead specially suited for vitriol-chambers :—i. Soft lead of the 
Mulden lead-works: 0001 per cent. C'u, 00.44 0-0004 Sb, 

0-0005 0 0004 Sn, 0 0005 Ag, no As. 2. Soft lead from 

W. Leyendccker & (!o., Cologne : 0 0034 C'u, 0-0019 Bi, 0 0029 
Sb, trace of Fe, 000.17 As, 0-00025 C'd, tra 0 e of Ni and Co, 
0-0010 Ag, 0-0002 Zn, 0-0024 O. • . 

G. 1 C Davis {iliemieal Euyineeriug, i. p. 142) quotes the 
following analyses of “chemical Idid ” (from what source or lay 
whom made is not stated); the figures indicate milligrams!^ 


par kilogram (I omit 

the decimals) ; 

- 

• 



A. 

n. 

c. 


Antimony . 
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32 

Copper 

. 21 
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SHvCr 
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16 

>ion 
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2 

Rismuth 
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2 

•22 

4 

Zin!: . 
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I 

2 

3 

Sulphur^ . 
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• 

2 • 
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According to Ew^. am/ Min. J., 8th IVtirch *1902 ( /. Soc. 
Chem, Ind.y 1902, p. 510), a special bran^^ of lead is designated 
in Missouri “chemical hard lead,” and is sold at 5 cents 
per 100 lb. above the {)rice of common Missouri lead. It 
is supposed to contain a little copper and antimoii)', but 
no attempt is made to keep the composition within precise 
limits. Muhlhauser, in Z. ( 7 nxr:c. Chcni.^ 1902, p. 758, 
quotes an analyses (jf soft chamber-lead from Chicago and 
St Louis. 

Leyendecker (B. B. 2^56 of 1901) prepares a special cjuality 
of chemical lead by adding either 01 to 0 5 per cent, copper or 
0-1 to per cent.^opper and 01 to 0-3 per cent, antimony. 
(Such a patent could hardly be maintained in tlu* face (A my 
researches, quoted sn/ra, pp. 325 c/ su/., published a long time 
ago, for the purpose of benefiting chemical manufacturers 
generally.) 

The analysis of such lead, which 1 have obtained from the 
Rhenania Chemical Co., as com{)ared with ordinary s(Tt lead, 
gives the following results 


OpIiiKiry H(»rt l.cyttiidcrkcr's 



Ic.’kI. 

iiuiilily. 

Hi [ter cent. . 

0-00501 

o-oo(*o5 

Cu „ 

0-01787 

0-06683 

Cd . 

0-00004 

0-00003 

As ,, . . 

0 

0 -00002 

Sb „ . . 

0-00039 

0-05025 j 

n • • 

0-00089 I 

0-00074 1 

Zn ,, 

0-00082 

0-00122 1 

i 


Graffweg & Co,, of Diis^eldorf, also supply a " special 
ipjality ” of lead, especially recommended for Krell’s concen- 
trating apparatus,* described on Chapter XX. 

We notice, in the “special quality,” besides a certain amount 
of copper and antimony (the latter in such small quantities as 
not to counterbalance ^he useful effect of the copper) also an 
unusually small amount of bismuth, being only i : 100 of that 
present in the “ ordinary soft lead.” The firm using bo*th»had 
not had a sufficier?tly long experience with them to judge of 
any difference in behaviour. 

The Chenti Trade 1906, xxpcviii. p. 91, gives the 
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following analyses* of “Good Chemical Lead,” in parts per 


• 

• 



1. 

2 . 

Hisivuith . 

. 00023 

00139 

Iron 

. 00021 

0 (X)2 I 

Anliinony 

. OCX; [ 6 

0-00 1 I 

Copp#- 

. OCXX08 

00006 * 

Cadmium 

. trace 

trace 

.Silver 

. trace 

trace 

Zinc ^ 

. 0 ‘ 000 <) 

• 

0-0005 


The (juality of the It.-ad used for boiling-dcjwii pans will be 
treated in the chapter describing these pan*^ • 

R. E. Robinson {Client. Trade xliii. p. 82) tests “chemical 
lead ” by heating a [jicce of 1 in. s(|uarc in a beaker with 500 c.c. 
concentrated sulphuric acid, and stirring with a thermometer. 
At a certain {)oint a violent reactit)n sets up and the metal 
disappears in about a couple of minute.s. With lead suitable 
for chemical work this takes place at 22C to 240 ' ; with 
unsuitable lead, at ISC'" or lower. 

All sheet-lead before being used should be “ niauglcd” in 
order to beat out all inequalities and indentations casually pro- 
duced in transit, etc. For this purpose it is tightly rolled round 
a wooden roller, about 6 in. thick, and is beaten all the time 
with a plumber’s mallet. 

Bakema {Z.aut^ew. Chem., 1904, p. 1446) recommends eoaU 
ing the lead, after the erection of the chambers, with black 
paint, in order to promote the cooling ify radiation. The 
diagram given by him does not show any very stroiTg ^ 

in that direction. 

Joining the Lead Sheets. — The sheets of lead were, in the 
infancy of acid-making, joined together by the ordinary so/f* 
^sd/der, which is very convenient for use, but is soon corroded 
by the acid. Places soldered thus are also much more brittle 
than pure lead. So long as the chambers had to be put together 
in this waj^, there was occasion for innumerable repairs. 

Another plan (which is far better in this respect, but takes 
much fead, and is only easily applicable for straight seams) is 
the rahdet- joint. The edges olitwo sheets •of lead are turned 
ovef in the^ay .shown in Fig. i66,^pjaced one into the other, 
and beaten down on a smooth surface. Such joints are gas* 



BURNING THE LB»AD JOINTS 


597 


tight, and have been used here and there I'litEnglffiid till within 
the last few years. ^ 

The kind of joint now generally employed is that made by 
burning, employing the lead itself as solder — that is, by melting 
it with a hydrogen flame fed by compressed air. In this way 



Fig. i66. 


the two sheets itre joiiTed so tightly, that with good work the 
joint, being thicker than the sheets, is actually stronger than 
they arft. If the j%int is rough and uneven, f(.)reign substances 
will easily be deposited in the rough parts, by which the lead 
may be damaged. 

This mode of joining was invented by Debassayns de 
Richemond in iSjS. Two apjjaratus are reijuircd for this, 
whose construction is seen in Figs. 167 and 16S. Fig. 167 



Fig. 167. Fi(i. 168. 


shows the “plumber.s’ machine” — that is, the hydrogen 
apparatus—quite similar to an ordinary laboratory gas-holder, 
but made of lead, ofte^i with a wood casing. 1'he lower ve.ssel, 
A, contains a lead grating, KL, upon which granulated.or scrap 
zinc ia put. The upper vessel contains dilute sulphuric acid.^ 

* Hydrochloric ac^, in the place of sulphuric acid, cannot be employed 
in the plumbers’ machine, as it caiihot be left in prolonged contact^ with 
lead, and it is also contended /hjt the workmen are injuredJjvUhe hydrogen 
made by means Sf hydrochloric acid. ’ 
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The conncctjYjg-tuhc with a tap / allows the gas to pass ou 
of the opening C, aftcfr it has first hecy washed in a water 
vessel. Often there is a plain outlet just above the tap j 
The outlet is ‘connected with a long india-rubber tube, b) 
means of which the gas can be conducted to a distance. Th< 
tube G serves fi^r runnitig sulphuric acid from B to A 'It car 
only rmi in if some gas is allowed to escape by opening the 
tap /; and thus a continuous current of gas is obtained. Th( 
openings D, K, .vid F serve for introducing acid and zinc, anc 
for running off the solution of zinc sulpliate. 

The second part of tlie apparatus, which is shown ii 
Fig. iC 8 , is simply a portable smith’s bellows of cylindrica 
shape, the lever of which, o a r, a boy works with his toot. Tlu 
air is forced through the valve J) from ( ' to the closed air-vessc 
B, and escapes through the opening /, likewise connected witi 
a long elastic tube. 'I'he two tubes are united by a blouqjipe 
Fig. 169 ; and the mixture is ignited. ICach limb of the blow 




) 




hic. 169. 

pipe is provided with a stopcock, by turning which the plumbe 
may admit more air or hydrogen at will, and thus can produci 
a flame of any size, w hich, however, must nevbr be an oxidising 
one. 

The mouthpiece of the blow^pipc itself is sometimes con 
nected with the fork-shaped pie(5e by a short elastic tube, t( 
make it more mobile. Ik-sides the ordinary mouthpiece, end 
In^ in an aperture of about .A of an inch diameter, the plumbe 
also carries another, provided with a small brass shield, to obtaii 
a steady flame in windy weather. The gases unite only im 
mediately before escaping ; and thus the flame cannot striki 
back. By* means of this machine a pointed and very ho 
hydrogen flame is prodticed, which, at the place w here it touches 
melts the lead immediately down to a certafh depth ; and thi 
art 6 f bufn^gg^ consists in touching apd melting parts of tw< 
sheets ai the same tinu\ which, dn cooling, solidifyTo a whole. 
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The burning itself is a kind of work reqinVin" iftuch practice, 
because the plumber must not allow theilamc to act a morncnt 
too short or too long. If he does the former, the fusion is not 
perfect and the seam is not tight ; if the latter, he burns a hole 
in the lead. Wherev’cr it is possible, one sheet is laid about 
3 in. ovej the edge of the other, as shown ii^ Fig. 170. The 


h 



Fig. 170. 


seam is made with the help of a strip of lead, about s hy \ in. 
thick, wliich the plumber hoKls in one hand whilst he guides the 
blowpi[)e with the other. He works in this way: — Me touches 
with the flame the place (Fig. 170), where the edge of one 
sheet lies upon the other, so that the surface of the lead (prewi- 
ously scraped clean) just melts, but the back part of the lead 
does not irndt. At the same time he holds the above-mentioned 
strip in the flame, so that drops fall from it on to tlu* just-melted 
part of the sheets, and the whole is united into a seam, b, all 
fusing together into one mas.s. Hy a slight motion of tin: wrist 
the, plumber removes the flame for a moment, and the lead, 
which has only just been melted, at once .solidifies; in another 
second the flame is again directed ujjon the lead, and a new 
drop flows partly over the first one ; so that at last the whole 
scam takes the .shape shown in I’ig. 171. 





Fig, 1 71. 


Although all tWs is much ti]pre ea.sily described than carried 
out successfully, still the burning of horizontal seains is leartied 
in a comparatively short time, aixl cag be done very quickly by 

• 2 Q 
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a practised ^orknvin. In windy weather it is certainly much 
more difficult, and in r^iny weather it is not possible at all. 

The burning of perpendicular (upright) joints is much more 
difficult, and, aven in the hands of the most experienced work- 
men, takes at least three times as long for the same length of 
seam as horizontal burning, without ever being as strong as the 
latter. This is easily understood ; for the melted lead, which 
quietly remains lying on a horizontal .sliect, in upright burning 
at once runs dom \ ; and this can be prevented only in one way : 
the Icarl must be heated exactly up Uf the melting-point, and 
the flame instantly removed till the seam has solidified ; and 
the burning must always be done from thej:)ottom upwards, so 
that to a certain extent the seam will retain the drops of lead. 
In this case not much use can be made of strips of lead for 
strengthening the seam. 

A practised plumber can burn as much as lo ft. upright or 
25 ft, horizontal joints in an hour; but such figures are only 
reached in piecework. 

Recently the burning of lead has frequently been effected 
by a pure oxyhydrogen Jlanu\ both oxygen and hydrogen being 
applied in the comprcs.sed state, contained in steel cylinders. 
The burning in this way is done much more rapidly. Suitable 
burners are sold by the Sauerstoff Fabrik, Ik'rlin, 0 . 

JVa/er-gas aw be em()loyed for lead-soldering without a blast 
of air (or oxygen), but its poisonous properties must not be 
forgotten. 

The dangers caiKsed to the workmen by flic employment of 
materials containing arsenic in the soldering of lead are cMscji^ecj _ 
by myself on the ground of experiments made by R. Robertson 
{Chcni, Zeit., 1904, p. 1169), He^ives the data for calculatiiig 
the total A So0.j, corresponding to the arsenic contained in thQ« 
‘zhic and sulphuric acid consumed in a day’s* work of a lead- 
sold ere r, eft 0-141 g. per diem. It is stated that acute symptoms 
of poisoning are caused by a quantity of 0 078 g. As.^Oj, per 
diem being taken up by a man, which (fannot possibly be the 
case if tfie "total arsenious acid getting into the air of the work- 
shops is but 0-141 g.* Hence a danger from this source is 
practically excluded, but more f^ar might b% entertained con- 
cerrfing the arsenic contained in the dust collecting in certain 
places. This"‘danger shoyld be avoided by frequent renewal 
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iof the air and avoidance of collections of dntJt in flic workshop. 
jThere should also be a prescription for eaiploying sound rubber 
Uubinf^ for the gas, to avoid leakages. The safest way of remov- 
?ing the AsH.^ is proper washing of the hydrogen, which is effected 
by a 5 per cent, solution of potassium permanganate, more 
completely than by cupric sulphate. I gre^jtly recommend 
electrolytic hydrogen for the burning of lead. 

The Griesheim C'hemical C’o. sells clcctrolytit hydyo<^cii^ 
compressed to 150 atmo.s[>heres and sent ou^ in iron bottles, 
for the purpo.se of burning lead among others. As pointed 
out by E. Wiss in Chem. lud., 1905, pp. 375-378, the use of this 
compre.^ed hydrogen not merely prevents all and any danger 
from arsenic, but is also very much cheaper than the evolution 
from zinc and sulphuric aci(i. 1 he hydrogen is burned without 
having recourse to compre.sscd air by means of special burners, 
supplied by the Griesheiin C'o. 

1 he ".eay of erectuiy; a lead ehainber in England is usiiall)' as 
follows;— The commencement is made with the sides, for which 
the sheets are made as wide as possible (most lead rolling mills 
supply them up to 7 ft. 9 in., some even wider), and so long that 
they extend 4 hi. be\'ond the height of the chamber, of course 
taking into account that one side of the chamber is a foot liigher 
than the (;ther. Six inches are reckoned to turn over the cr(jwn- 
tree; but 2 in. arc saved at the bottom, because the lead lifter- 
wards expands by the licat of the chamber. 

Now, on the wooden floor before menticaied a wijoflen table 
(the “sheet-board*’) is constructed, held tc^gether at the back 
J?v^^a|tehs, but quite smooth on the upper surface. It has the 
wddth of two or three sheets of lead (that is, 15 ft. 6 in , or 23 
ft. 3 in.) and the height of th^ chamber— which, of course, can 
oonly be done when (as is generally the case) the chamber is at 
least as wide as it is high. On this table the sheets of lead ai^e* 
rolled out flat, placed side by side, so that one overlaps the 
other by 2 in., and burned together, at the .same time all the 
straps (of which wc shall speak directly) are burnt to lead, 
which can be done because the upper surface will afterwards be 
the outer one. The upper edge is bent round the sheet-baard, 
so as to hold it fa*st ; and whcyi everything is finished this end 
is wound up by a set of pyll^eys, .so that the sheet-bo^ref is raised 
together with Ihe sheets of leacf, andftjies flat against one side 
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of the chnmbcr-frafne. Now the upper edge of the lead is at 
once bent over the cre^n-tree and nailc^I down, as well as all 
the straps. For this purpose no cut or wire nails must be used, 
but wrought-ii*on nails with broad heads (“plate-nails”), about 
1 1 in. long, whose heads are protected against the acid by 
dipping them agfew at a time into melted lead. When the 
lead has been completely fastened to the frame, the sheet-board 
is lowered down, moved forward its own width, and another 
piece of the ch;«nber.side made upon it, till in this way the 
chamber-sides and ends have been finished all round. Only 
in the corners it is preferable to use single sheets, which form 
a rounded corner: this is much stronger flian a shafp edge. 
Ihe object of the described process is this, to reduce the upright 
burning to a minimum. It is much better than the former 
plan of hoisting up each single sheet, turning its margin over 
the crown-tree, and unrolling the sheet by its own weight. In 
this case every single sheet had to be joined to its neighbour by 
upright burning, and the straps had to be burnt on in an equally 
inconvenient manner. If at all possible, the seams ought not 
to be behind the uprights, so as to be better accessible for 
repairs; and for this rea.son also it is to be recommended to 
make the chamber-frame as shown in Figs. 163, 164, or 175, 
where the uprights do !iot touch the lead at all. '' ’ 

The s/ni/>s of the sides must be arranged according to the 
style of the frame. If this consists only of U|)rights mortised 
into the crown- and sole-trees, without any cross rails, the straps 
are made of perpendicular pieces of lead nailed sideways to the 
uprights with five leaded nails each. The strap ought 
long enough to turn over the edge of the upright, .so that tv^o 
of the nails come to the front *(Vig. 172, upper part). Such 
^straps are placed alternately on one and on Jhe other side 
the uprigjit, one about every 4 ft. These straps do not allow 
the chamber-lead to follow the changes of temperature by 
extension or contraction. This easily 1 ^‘ads to deformation of 
the sidoe i^nd tearing off of the straps ; and it is therefore better 
to avoul this, which ciui be done by nailing down only the top 
stra^ in the just-described way. Instead of the lower straps, 
longer pieces of lead are burnt* to each siSe of the upright, 
which meeton its front, and are th^^re joined by rabbeting 

^ 7 -> lower part, an^ I-ig. 173). There are no nails used 
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I SIDE STRAPS 
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^here, so that the lead walls may move up and dowYi the upright, 
:'whilst at the same time they are all the yiore stiffened by being 

f • 



Fig. 172. 


held fast in two places. This kind of fastening the Icacl-.shcets 
to the upriglits, of course, takes more lead and labour than 
simple straps. In e^tch case the straps are about S in, in flejjth. 



Fir. 174. 


Fig. 175. 


The object of keeping the lead clear of the wo©d, and of 
giving it scope for expanfling, is wc;ll attained ii/the form of 
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strap shown Vi 174 and 175. The upright a is placed with 
one of its edges pointing towards the chamber. The strap b 
turns round the edge of /'r.and is fastener! to it, not by ordinary 
nails, but by ii. broad -headed pin, which passes through a slit 
2 in. in height. This arrangement allows the strap to work up 
and down as the^chamber-side expands and contracts. 

If the frame is provided with horizontal cross rails, only a 
few upright straps arc used — sometimes none, only horizontal 
straps, turned down over the rail, and nailed to it (Fig. 176), two 
of 6 in. length for each rail. This kiitd of straps protects the 



o ^ 

chamber-sides much better against deformation than the upright 
straps, and carries the weight Wetter upon the frame (this is 
confirmed by information from Stolberg in 1902); it also 
permits the lead to be kept further apart from the wood, since 
the straps may leave about i in. (not more) space between the 
lead and the rails. The diagram shows this. 

The. chamber-sides can also (as at ^he Thann Works) be 
made of horizontally disposed sheets of lead. The overlap in 
this^ase is nailed to fhe horizontal cross rails in lieu of straps, 
as shown in Fig. 177 ; but first tfee whole height of the chamber- 
side* is firtisted, the whole is rolled ^upon a wooden roller, and 
allowed to unwind itselfcby its own weight frofti the top. In 
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this way there is not so much pull upon fhc srfhms as if the 
chamber were made of sheets hanging down by their length, 
since each sheet is supported just in 
the place where there ivould be a pull, 
riiis plan, indeed, seems to be worthy of 
general recommendation ; (or it saves 
the lead and labour* of all the straps, 
and supports the chamber very well. 

At least as substantial is the plan 
used at Aiissig. Tfiere are no side- 
straps at all ; but to each upright of 
the frame corresponds a strij) of lead 
burnt to the chamber-side along its 
whole height, the lap being turned 
(jutside. This is nailed sideways to the 

upright. Between this and the lead 

.11 nwijpiijji there is a wooden lath, to increase the 
contact of air with the chamber-lead 
as much as possible, hdg. 178 shows 
this in horizontal section. 


Fig. 177. 

Mr Bcnkcr astribes great advantages to his//7/e;v/^v/.v/nr/i’, 
shown •in Figs. 179 to 181. Fig. 179 is a plan, showing the 
cfiamber-side a, the uprights the cro.ss-bars r, the small 
tvooden bars and the straf)s r. The same parts are seen in 
vertical section in P'ig. 180. The chamber-lead is ke[)t 2 or 2J 
in. apart from the cross-bars ; the perforations of the str^^Jfi 
(which may extend the whole width of the cross-bars^ as in Fig. 
1 81) cause a strong current of air to rise upwards and cool the 
lead, without allowin^any quantity of dust to accumulate on the 
straps. This system is especially recommended for Chambers 
which are driven hard for the “high-pressure style “ T)f^work 
(v. infra), % 

In the first-described case* now generally u.scd ig Enjii^land, 
at first only about a yarclf)f thewscams is burned, aTid that at the 



Fig. 178. 
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top, so that t^c chamber can be covered in and the remainder 
can be done at leisin'c in bad weather. The next thing, 
therefore, is the chanwer-top. For this \ve need a temporary 



scaffolding, movable on wooden rollers, made of high trestles 
joined together at the top, equal in height Und width to the 
chan^ber, ;^nd in length to at least two (or, better, three) sheets 
of lead. Thf^ scaffold is put togethei^ within the chamber itself, 
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its separate parts being got in by bending back dfie of the side 
sheets. It is covered on the top with a flooring of boards ; and 
upon this the sheets serving for the chamber-top arc flattened 
out. These are a little wider than the chamber, so that they 
project 3 in. on each side. Thus they do not project quite as 
far as the overlap of the side sheets (6 in.), c'qul there remain.s 
a joint suitable for burning (Fig. 182, r?), which is made very 
strong. Now the sheets themselves are joined b)' burning, and 
all the top straps are burnt on. The latter, in Kngland, serve 
for fixing the chamber-t\)p from abn’e to the top joists carrying 
it. The latter, for a chamber 20 to 26 ft. wide, are 3 to 4A in. 


«• 



Fig. 182. 


^hi^k ^nd 10 to 12 in. Iiigh, and arc placed at distances of 14 to 
18 in. from centre to centre. 'I'heir Iciu^th is at least sufficient 

I ^ 

to reach to the outside of the ’crown-trees ; it is better if they 
jcven project a little beyond, to have a good support. The 
^nraps them.selvcs' are made 7 in. .square, and stand alternately 
on both sides of the top joists, about 3 ft. aj)art on each side. 
At some works there are fewer but longer strap.s. They are 
bent up and nailed to fnc top joists, laid above them on edge, 
with five leaded nails each. When all this has been done, the 
top joists, by the help of the straps, carry the lead of « the 
chamber-top, and' the joists them.selvcs rest upon the side 
frames, but separated from them by the overlap of tjiechamber- 
sides. The jefists should '^be wisll c,kar of the chamber-top 
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(farther tharAis shown in the figure), so that air can circulate 
between lead and woofl. 

The top joists are protected from canting over by a few 
boards nailed* across them, which at the same time serve as a 
passage <.)n the chamber-top. Where the chambers are roofed 
in, sometimes lojigitudinal sleepers are laid on the top, joined 
to the top joists by iron clamps, and the whole is suspended 
from the timber of the roof, which must be made strong enough 
for this purposj; but it should not be overlooked that even 
in the case of roofed-in chambers k is safer to keep the 
chamber-top in(le{)endent of any movement of the roof 



Fig. 183. 


Where the chamber is too wide for empToying single cross 
joists, two lengths of these must be joined together and tju^ed 
according to the rules of carpentry ; in this case trussed girders 
may run across the width of the chamber, and the proper joists, 
to which the top lead is fastened by straps, running parallel 
^ith the Jong sides of the chambers; they are either mortised 
into the girders, or (which is the stronger plan) they rest in 
cast-iron shoes bolted to the girders. This, however, is only 
required for chambers standing in the iJpen air ; it is not very 
convenient, as the side frames have to be weighted very much. 
Suoh wide chambers, As we shall see below, have not altogether 
turned out well. I 

*Quite (JifTerent from the just-described chamber-tops are 
those found in many continental works. There*are no wooden 
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top joists, but, in the place of these, thin iron ro(fs about h in. 
thick, fastened to the chamber-top by a#lead covering burnt on 
each side to the chamber-lead. These horizontal rods them- 
selves are suspended from the roofing by mcan« of j-in. rods 
placed at short distances from each other. This system cannot 
be employed for chambers standing in the opc^i air, as it makes 
the chamber-top dependent upon the beams of the roof ; it is 
shown in Fig. 183. • 

Another system, which may or may not be connected with 
the roofing, is the follcAving (Fig. The chamber-side a 

is carried somewhat higher up, and bends round an iron rod, />, 
I in. thit'k, the part^coming back over the iron being burnt to 
the other lead. Here and there holes are left for the passage 
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of the iron hooks r, which arc bolted to strong joists, d The 
latter may form ^jart of the roof, or they may be sup[)orted 
^uiie.independcntly on the crown-tree e. The straps//hold 
UJ3 the chamber and prevent it from sagging; the clear space 
between ^ and d is about 8 in.^ The object of this arrangement 
to prevent all contact between lead and wood even at the top 
edges of the chambers. ' • 

At the Griesheim works, in Germany, the follovi^ing very 
rational plan of erecting lead chambers is followed : — On a 
staging of the whole arfea of the chamber-bottom, but raised over 
its top, first the chamber-ends are made ; over these, without 
removing the end^, the chamber-sides are made, first one, then 
the other, and last of all the streets composing the top are laid 
down and burnt together. ^ Thus ultimately five layers of iead 
are lying on \he staging one above another. Then the top 
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straps arc birt nt ok and arc joined to the top joists, which are 
put in their respective places. The whole lead-work is now 
hung from six differential pulleys, and the staging is removed. 

As this is. done, the ends and sides drop down into their 
places, and need only be joined in the corners, where they are 
bent in at an f^btuse angle. This mode of procedure causes 
nearly all the burning to be horizontal, so that the work is done 
more quickly, chea[)ly, and substantially/ 

The chaniher-lwttoin is left to the last ; and it happens no 
doubt very rarefy (in England probabky never) that, according 
to older prescri[jtions, the bottom is laid down first and pro- 
tected by straw and boards while the remavider of the diamber 
is being m.'ule. It is, on the contrary, made last of all, but not 
always in the same way. In some works the side .sheets are 
burned to it all round, and openings arc left in a few places for 
drawing off the acid, for taking samples, etc. In the majority 
of works the l)ottom is independent of the sides, and forms an 
enormous tank with turned-up sides, into which the chamber- 
sides hang down, dipping into the bottom-acid, and thus forming 
a hydraulic joint. This allows the chamber-sides to expand 
and contract with the temperature, and also makes the bottom- 
acid accessible from all sides, so that it is generally pre- 
ferred in spite of the larger expenditure of lead ; but a good 
many works have adopted the first-mentioned plan of making 
the chamber as a closed box, which saves both lead and the 
trouble unavoidably connected with the second system. Often 
the upstand, or “lag,” which should not be Ic^s than 14 in. high, 
so as to afford a good deal of room for acid, is made from a 
narrow sheet of lead of double width, by bending up one half 
and leaving the other half to fofin a portion of the chambdr- 
bottom ; the latter is then finished by burning it together with, ^ 
"cTther sheets of lead. This is more convenient for the plumber 
than takilig sheets equal in length to the width of the chamber, 
pins the height of the upstand on each side. The latter must 
not be Jeft loose, because it would be Easily deformed out by 
the side prc.ssure of the acid; to prevent thi.s, a i-in. board 
is placed all round tltt chaml cr-floor, over the edge of which 
the upstand is turned round and nailed domi. This is shown 
in l^ig. Instead of a solid board, it is preferable to employ 

merely a number of per^)encHcular' or horizonfel rails, which 
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admit the cooling-action of the air upon the Icatf. *’ At Stolberg 
the “lag ” is made up^to 2 ft. 6 in. high,*vith a correspondingly 
strong plank to resist the side pressure of the acid. 

In some works the bottom is divided into 2, 3^ or 4 parts by 
partitions, reaching up to the whole height of the upstand. The 
object of this is, not to be obliged to empty thq whole chamber 
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in case of repairs ; but it is very rarely done, as this arrange- 
ment prevents a free circulation of the acid, and as the bottom 
anyhow mostly suffers less than any other part of the chamber 
—excepting through gross neglect, by the formation of nitric 
acid, which ought |o be avoided in any case. ^ 

Falding {Min. Ind., vii. 679 ct seq.) gives details of 
chamber construction wbi^ refer to the usual Ejighsh plan, 
mostly followeci in America as Veil.* Fig. 186 shows part of 
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the chambcr-^icle in elevation. The pillars (posts), a are of 
14 X 14 in. wood ; corberis, 14X 14X 5 in.; stringers, c, 14 X 14 
in. ; joi.sts, <'/, 3 x 15 in., 16 in. centre to centre, 3x2 in. herring- 
bone-struttings gangway-floor, with 2x12 in. joists. Of the 
chamber-frame itself, the sill /is 6x 10 in., with a dowel-pin at 
each post and , toe-nail to each intermediate upright. The 
strong uprights (posts). 6x6 in., 13 ft. 9 in. from centre to 
centre ; the intermediates, ////,6 x 2 in., 33nn. centres ; the bracing, 
i /, 6 X 2 in., will) lag-screw to each post and spike to each inter- 
mediate. Crown-tree, k\ 6x 10 in., with lag-screw at each post 
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and toe-nail to each intermediate upright. Top joists, //, 3x15 
in., 14 in. centres, with three Ifties of solid 2X12 in. board- 
bridging. big. 187 represents a portion of chamber-ceiling,^ 
sten froin above, and big. 188 the same in sectional elevation 
on a larger scale, which clearly shows how the chamber-lead in 
at the top is joined to the sides and turned over the crown 
and hoiv the straps 0 0 (24 in. centre)^suspend the top from 
joists / /. Fig. 189 makes this clearer by a side elevation, and 
Fig^ ^190 shows the way the straps arc cut (rcfn a strip of rolled 
lead. Fig. 191 gives a plan-section of a chamber-corner, and 
Fig. 192 ft sectional elevation of th^ Jower part of a chamberj;^ 
showing how the straps^ r aVe fastened to the uprights^, A, 
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and how thcMcadieidc m and the saucer / stand off. Lastly, 
Fig. 193 shows how th« iipstand p of the^saucer is turned over 
ledge .y (2 X I in.) and held at the bottom by another strip, t 
(3x2 in.), spoked to the sill. 

Special f Vaj'S of building Vitriol- C ha j fibers. ^ 

As the side-walls of the chambers, in consequence of the 
variations of temperature, gradually chaiTge their form, Petersen 
and Ising (Ger. 21S726) make them movable by suspending 
them on bearings which can slide aMng the chamber-frame. 
This allows the changes caused by variations of temperature to 
take place without any deformation of the l#ad. 

Guttmann (/. Soc. C/iem. fnd., 1908, p. 667) describes the 
way in which a new chamber of 40 ft. height was built. 
Horizontal wooden beams arc sus[)ended by means of iron rods, 
and can be levelled by adjusting the nuts provided. The whole 
40 ft. length of f)-lb. lead (3 mm.) is suspended in two places 
only in the following manner; An iron rod, in. diameter, is 
laid horizontally against the lead and held in place by means of 
strap.s. A double hook, made of .[ in. round iron, grips the 
iron rod at one end, whilst the other end is hung on the wooden 
beam, where it is hammered flat and nailed down. The hooks 
arc spaced 20 in. apart, so that only about 2 cwt. of lead are 
supported by each hook. This construction is both simple and 
cheap, 't he lead is free to expand, and the hooks being elastic, 
there is no uneqiud strain, as is generally the case with straps. 
The side of the chamber hangs down practi?ally like a curtain, 
and yields even to wind pressure, while it does not IjugJ^le. 
Such a chamber must be housed, as it wouUl scarcely stand in 
the open, especially if cxposcil t(t strong winds. 

Rene Moritz (P. P. 1 1 123 of 1909; Amer. P. 981 103 ; Fr. P. 
• ^95694 ; Gcr. P. 2358oo)omits the supports of fhe lead chambers, 
substituting suspension therefor. His system is described in 
Chem, Trade /, 1911, vol. xlix. pp. 493 et seq. It was first 
introduced in Northern France by th? Soc. anon, des Etabl. 
Eyken et Leroy, then at other works in France, Belgium, and 
at fthe*“ Union ” Chcn'iical Works at Elberft^d. The chambers 
are supported by a strong skc.leton of iron, with a tile roof 
and outsid/^ walls built of bricks .laid edgewise, without any 
windows, light being admitted by glass panels in the roof. 
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4any ventilating openings are provided, for •cooling the 
hamber-lead. This is suspended by^iron rods from the 
“•girders overhead, .^flong the walls, at distances of 31-5 in., 
ertical flaps are soldered on ; through these light iron rods, 
ound or flat, pass and are connected above with the pendant 
upports, while below they are attached by means of spring 
ooks to tfie upturned edge of the chamber floor. They give 
ribbed appearance to, the chamber and increase the cooling 
urface. While imparting a certain amount of rigidity, they 
ermit of free play for ordinary contraction. Numerous 
orizontal connections are made with the skeleton framework 
by means of iron rojs. The top of the chamber is constructed 
on a similar principle. All exposed iron parts are protected 
from corrosion by a special paint. The chamber top is made 
in the form of a semicylinder, to prevent the accumulation 
of dust. The lead floor rests upon an under floor of iron plate, 
>197 in. thick, which is sup|Jorted b)' brick or wood or cement 
:olumns, 8 ft. high. In all ca.ses the upturned edge of the floor 
:onsists of iron plate, bent underneath to a distance of 9-8 in., 
thus securing a most rapid cooling of that part of the chamber 
vherc corrosion is most pronounced. An identical method 
s used in supporting the lead mantles of the Glover and Gay- 
l-ussac towers. The rounded tops of the chambers produces a 
Tiore rapid cooling and closer approach to uniformity of 
emperature. I'he co^t of construction per unit of cubic 
chamber space is higher than by the old system, but it is 
claimed that the r^fte of production of acid is much larger and 
jjonsiwnption of nitric acid much less, while there is great 
'conomy in the matter of repairing or rebuilding the chambers. 
ATi illustrated description of tke “ Moritz” system .is given by 
Jiarth in Z. angeiv, Cheni.^ 1909, pp. 1937 et scq. ; cf, also 191 1, 
p. 1446. 

Klippert {Chein. Zeit., 1911, p. 649) reports * that at 
Stolzenhagen two chamber systems have been erected according 
to the ” Moritz ” system*; they cost £2^00 more (for an annual 
production of 12,500 tons acid) than wooden structures, but 
this extra cost is considered to be compensated by the leSfseped 
danger of fire. The same author expresses himself in a similar 
way in Z. angew, Chem., 19 ri, pp. 1345 ct seq. 

Buildings far containing ^Acid-Clia^f^fers, — In England, where 

2 R 
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the winters Stre nqt severe, lead chambers are hardly ever placed 
in a roofed shed, but ^re only built so that the rain-water can 
run off as described above. But even tTien the space between 
each two chambers must be covered by a light roof, and the 
whole set must be surrounded by a wooden shed, because a gale 
might tear the lead off the frames, or even throw clown a 
chamber altogether. These wooden houses have windows or 
Venetian blinds, changed according to the wind. In windy 
places they are always erected first, as soon as the foundations 
and the frame are finished, but before the lead has been 
fastened to the latter, because during the building the in- 
complete chamber is even more exposed t» being thrown down 
by a gale than after completion. 

Thus the chamber tops arc exposed in England to the heat 
of the sun in summer and to the snow in winter ; this is possible, 
because neither of them occurs to an excessive degree. In the 
less windy places even the chamber sides are sometimes left 
without protection against the weather, but never so in 
well-arranged works. (In November 1911, the vitriol-chambers 
of the Great Lever Chemical Works at Bolton were utterly 
wrecked by a heavy gale, although protected on one side by a 
wind-screen.) In the south of France, on the other hand, the 
chamber tops arc always protected against the sun and the rain 
by a roof ; but the sides are generally exposed, which, on 
account of the heat of the sun there, is certainly very wrong. 
In the north of France, in Belgium, and in Germany the 
chambers are always completely enclosed in buildings, usually 
of a very light construction, and it must be said that thi^vfpuld 
be decidedly preferable also in the English climate. 

Nicdenfiihr recommends placing the chambers on brick 
pillars, and filling up the spaces between these on the outsida 
with a light wall. The chamber sides are 'surrounded by a 
wooden shed and a light roof, employing roofing-felt as a cover 
for this. He reckons a square foot of such a building, 
including the chamber-frame, to cost frflm 3s. to 4s. 6d. 

Hartmann and Benker (Z. angeiv, Chem., 1906, p. 136), in 
orc^r’to keep the ohambers as cool as possible, make the 
framework without horizontal rails, and suspend the chamber 
topa and, sides by means of straps hung on iron rods. The 
passages be^tween the ch^beis are* made of op6n lattice- work» 
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and a roof-rider on the top produces a consftint draught of air 
along the chamber sid^s. 

Rerieiual of the Chaiiibcys . — The greatest wear and tear is 
experienced in the first chamber, more especially at the front 
end, and, as some assert, even more so at the back end and the 
immediately adjoining parts of the sides, rflencc the first 
(leading) chamber is often made of stronger lead than the 
others. Besides, it mifst be noticed that any angular parts of 
a chamber wear out more quickly than the rcgiiid or straight 
portions. The upright c^'orners are therefore always broken or 
rounded off; but this is not easily managed with the horizontal 
top corner. Ilenccfat some works they make the lead stronger 
in that place (p. 593). The plan of making the chamber roof 
partly slanting or semi-cylindrical (pp. 615 and 621) may do 
some good in this respect as well, as this avoids a sharp corner. 
The “ curtain,” that is the part dipping in the acid, and alter- 
nately subjected to this and to the action of the air, is also 
liable to quicker wear. I'here is general agreement on the 
point that any part of a chamber which gets hotter than the 
remainder will wear out much more quickl)' ; and this should 
be guarded against in the construction of the chamber-frame 
{supra, pp. 590, 592, 603, and 605). 

VVe have constantly laid stress on the fact that the lead 
should be clear of the woodwork at all po.ssible points, both 
bccau.se it is thus lorTger prc.served by the cooling action of the 
air, and because it is thus accessible to the plumber. ]^ut this 
condition can, of course, be realised only for the sides and top, 
not/05 tfte bottom. F'ortunately the latter suffers least, being 
protected by the acid itself and by a layer of sulphate of lead. 
If, however, a leak occurs here* after all, it is very awkward to 
^repair. Sometimes this can be done by measuring its distance 
from the sides, cutting a hole in the chamber top and dropping 
down a bucketful of plaster of Paris or, preferably, of a mixture 
of fresh and burnt pyrites-dust, which quickly hardens into a 
cake and may stop th^ leak for years. But if this^does not 
succeed, there is nothing left but to stop and empty the chetmber, 
and to enter through the manhole in order to get at the bottom. 

A chamber will last very rryjch longer if the frame is sub- 
stantially made, and the ,stj*aps are well burnt on^anTi nailed 
down and numerous enough so th^t the^ will not be readily torn 
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off. Should *this Ifappcn, the mischief must be repaired at once : 
nowhere does the sayili<^^ come more trii^' “that a stitch in time 
saves nine.” If the repair is pul off too lon^, the chamber-lead, 
pulled by its Own weight, wrinkles irre^oilarl)-, and the chamber 
becomes unfit for work much too soon. Lspeciall)' those parts 
of the frame wlVch are most exposed t<» the action (if the acid 
must be carefully looked after, and, in case of need, repaired at 
once, before the lead sides dependent ii[1on tlu in have lost their 
supp(.)it and have colkipsed. I'his is most necessary at the 
junctions of connectinj^-pipes, at the ‘places where the acid is 
siphoned off, etc. d'he wind must also be kept off, and any 
loo.se pieces in the bratticin^^ round and b(*lween the chambers 
promptly put ri^ht ; a ^ede of wind may tear off the straps of 
a whole chamber side at once, or force the frame to (me side 
(c/. p. 616). d'lu' ^n'in^;way round the chambers ou^Ljht to be 
wide enou^di (say 5 ft.) to admit of ea.sy control and repair. 

It used to be reckoned that wit1i 6-]b. lead in normal 
circumstances a chaml>er would {^fenerall)' last from ei^ht to 
ten year.s, but recjuiriin^ many repairs during the latter years. 
Hut since the art of buildinj^, and more particularly of 
fnanagiui^, vitriol-chambers has become better undersloud, they 
have been made to continue much lon^^er in use. On the 
Continent, where they are not (or formerl)' were not) so much 
strained as is fre(]ucntly the case in Kngland, vitriol-chambers 
generally last much longer than the above term, viz., twenty or 
even thirty years ; but in Kngland as well this is found to be 
the case at some works where the chambers are built with more 
regard to durabilih- than to economy in first cost. * • ^ . 

There is no doubt whatever that, all other things be^ng 
equal, a chamber lasts longer in proportion as it is less heated ; 

^ jt is not so much the heat itself, but the intensity of the chemic^ 
reaction^ going on within the chambers, which produces the 
heat, and moreover the increase of the action of all chemicals 
by the elevation of temperature brings about the same result. 
It is only another way of staling this fact, if we say that a 
chamj^er lasts all the ^ less time the more nitre is sent into it 
anh the more acid is made in it. f 

^ In the case of chambers without a roof the top generally 
wears dut^ first, after this the par/.s, dipping into the bottom- 
acid and the ends ; th<^'* bottom remains good* up to the last, 
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unless nitric acid gets to it, which most easily happens in the 
last chamber, if its strength is allowed to^un down too much. 

When a chamber re(|uires so much repairing and patching 
that it does not seem likely to pay, and when, after all, the 
escape of the gas from the too numerous chinks and rents can 
no longer be kept down, it is very bad econoijiy not to j)ull it 
down at once ; for the yield of acid must fall off very much. In 
this case a temporary connection is made between the two 
apparatus on either side of it, the acid contained in the chamber 
is worked down as long as it will run, a hole is cut into its side, 
and men provided with india-rubber b(-)ots arc sent in to shovel 
up the lying all the bottom into a heap, from which a good 
deal of acid is still obtained by draining. The mud must now 
be removed ; if the space underneath is free, a receptacle is 
formed by low banks o( clay, a hole is cut in the chamber 
bottom, and the mud pushed down. If this is not possible, it 
must be removed in a much more troublesome manner, by 
thickening it with sawdust and washing with water. In either 
case it is dried in a reverberatory furnace, sometimes with the 
addition of a little lime in order to prevent the escape of acid 
vapours. Notwithstanding this, the operation usually causes 
a very disagreeable stench, probably owing to arsenic, .selenium, 
etc. The dried mud, princi])ally consisting of lead sulphate, is 
cither smelted for lead in a small cupola heated by coke, or 
simply sold to the lead-workers. 

xAfter taking out the lead-mud, the chamber-lead is detached 
from the frame, ahd any better-preserved whole pieces rolled 
upjor.usli as sheet-lead; the others are melted in an iron pan, 
the dross is scummed off, and the lead cast in the usual pig- 
moulds ; at the lead-rolling lAills this lead is much liked for 
•other chemical purposes (srr p. 595). Including the pig-lead, 
the dross, and the lead sulphate, usually nine-tenths or upwards* 
of the original weight of the chamber is recovered ; the 
remainder has disappeared in one .shape or another wdth the 
acid made. • 

If the frame has been substantially made, it stands a second, 
sometimes a third^lead chamber, with a tew repairs, pulling in 
odd beams, etc. Of course, in^casc of any doubt, it would be 
extremely bad economy to run the risk of having Wd std^) a 
chamber because its frame would fiot h*)ld out as long as the lead. 
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Mr G. E.* Dtivis has sent me the following observations : — 
A set of three chamt^^rs (20X i8x 120 ft.) had been at work 
at high pressure for seven years, when the first two chambers 
were [)ulled down. They were built of 7-lb. lead ; at the end 
of the time the weight of the top lead was still between 5 and 
6 lb., that of tl^e bottom between 2 and 3 lb., the sides were 
almost nil. In the first chamber sulphate of lead equal to 
19 tons metallic lead was found, in the second 16 tons metallic 
lead. 'I'he chamber top had not been repaired all this time, the 
sides had had new lead all round, aifd the bottom had been 
repaired in places. 

Special observations on the wear and te<lr of lead chambers 
have al.so been made by lUirgemeister {Clicvi. Zeit., 1889, p. 
*^33)- of two chambers was observed after twenty-three 

anti three-(juarter years, tluring which time the larger chamber 
had liecn at work with brimstone for thirty-two months, then with 
pyrites (first VV'estphalian, then Rio Tinto) for one hundred and 
seventy-eight months, and had been lying idle for seventy-five 
months, fhe thickness of the lead was originally 2-57 mm., at 
the end of the period on an average only 1-88, that is a loss of 
0 69 mm. or 26 S per cent. The part dipping into the bottom- 
acid was most worn ; next to this, the places where the lead was 
double or where it was [irotccted against cooling by the wooden 
frame, h'or this reason it is best to burn the joints outside, 
becau.se the inner part of the la[)-joint is then eaten away first 
without injuring the joint ; if the joint is burned inside, the lap 
i.s loose on the outside, and as soon as the Inner part is eaten 
away the chamber must leak. The bottom of the than>ber, 
which is protected by the acid, suffers least. A small chamber 
which was placed between thtf Glover tower and the large 
chamber, and which was kept at a higher temperature (from 
^5 ’ to 90 C.), had K>st in one hundred and twenty working 
months a?; much as 17-65 per cent, of the thickness of lead. 

Siu^pc of Lead Chambers {ef also p. 614). — The shape of the 
chambqrs is usually that of a long box' of .square or approxi- 
mately square transverse .section. At some places, in order to 
savd le*ad, the chambei*s have been made up^o 60 ft. wide; but 
this is not to be recommcndqcl on any account. It causes 
difffcultios iy constructing the wood frame, and, what is more 
serious, the }'ield of acid in si/ch large chambersMs not so good 
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as in those of ordinary shape, say between 2o and 30 ft. wide. 
This is easily understood, as in such ♦ery large sections the 
gases do not get properly mixed, and there are too few surfaces 
offered for contact and cooling {cf. Chapter VII.).* 

For the purpose of saving lead, the chambers belonging to 
the different works of the Rhcnania (‘hemionl Company are 
constructed in the way illustrated in Fig. 195 — that is, with the 
top corners cut off, to .^uit the slope of the roof. This admits 
of putting the largest possible height of chamber into a roofed 



► building; and Mr Hasenclever also contends that the “dead 
corners” of squarc-.sectioned chambers are thereby avoided.* 
There is also less wear and tear than in the sharp corners of 
chambers of the ordinary square section {cf. p. 615). 

The usual width o 1 vitriol-chambers is rarely below 20 or 
above 30 ft. ; their height varies from 16 to 25 ft., or exception- 
ally a few feet nfore. Their length (afways speaking of» the 
principal chambers, not of th^ small chambers or “tambours” 
arranged before and bcliigd these in the Frencij system) is 
rarely below ibo ft., but may att&in 2€0 or even 300 ft. 
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H. A. Smith, irp a pamphlet on the Chemistry of Sulphuric- 
acid Manufacture endeavoured to prove that the upper 

space of the vitriol-chambers did no work at all, and that 
chambers of 6, or at most 8 ft. in height would be most 
suitable. His experiments (described and refuted in detail in 
our first edition, i[^p. 285 ct seq.) were decidedly inconclusive, and 
a practical test of his theory at the Oker works led to its entire 
rejection. • 

In direct contradiction to the theory of Smith is the success 
obtained by Falding’s chambers, to be ficseribed later on, which 
have the same horizontal dimensions as hitherto usual, but are 
very much higher. • 

E. and T. Delplacc (R P. 5058, 1890) describe an amiu/ar 
chamber, in which the gaseous current is continually changing 
its direction, owing to that shape. Siphon-shaped tubes placed 
on each side of the chamber produce a circulation and mixture 
of the gases. These chambers occupy less space than the usual 
form, and are stated to produce up to 6 kg. acid of 52'’ l^e. 
(— 3.y n.,SO,) per cubic metre = 1 lb. sulphur to 13*2 cub. ft. 

per twent)'Tour hours. A few .sets of this kind have been 
erected in I'rancc and P'ngland. According to the 28/// Alkali 
Report, p. 55, the shape of chamber actually built differs a good 
deal from that dc.scribed in the patent. According to informa- 
tion received from manufacturers, the production from these 
chambers per cubic foot does not exceed those of ordinary 
chambers. 

77 /. MeyeAs tafip;c}itial chambers {\V P. 18376, 1898) are also 
devised as a means for inducing a better mixture* o^ *^he 
chambcr-gase.s. The chambers .should have a circular pr 
polygonal section, and the gas infet-pipes be placed tangentially 
on the upper part of their side.s, the outlet-pipes in the centre of' 
Vhe bottom.^ Thi s imparts a spiral motion to tlie gases, rapid at 
the circumference, .slower towards the centre, and thus causes 
them to travel through a greater distance and to get much 
better mixed than in ordinary chamber!. The inventor gives 
more details concerning his system in Chem. Zeit., 1899, p. 296; 
Z. ftfigeiv. Chem., 18^9, p. 656; and ibid., J900, p. 739. His 
system has been carried out at* the Norddeut.sche Chemische 

^ The p'hteift specification speaks of Xht^eiling but in jiractice the gas- 
exit is placed in the centre of tile chamber bottom. 
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Fabrik, Harburg, and at the Chemisohc Diingerfabrik, 
Rendsburg. The chambers are lO m. in diameter and 8 m 
high, in a set of three, with Glover and Gay-Lussac towers. 
The draught is very good, the yield from 92-5 to 95-2 of the 
theory (291 IL,SO.j per 100 S burned); per cubic metre the 
production is from 3-66 to 3-87 kg. H.SO^, wit^ a consumption 
of 1-34 to 1-44 nitric acid 36 ' Be. (= i-o to 1-07 nitrate of soda) 
for 100 HoSO^, or, say 5 NaNO.^ to 100 S burned. 

Hess (^. C/icm., 1905, p. 376) produced in such 

chambers in January 6-2*kg., in August 5 kg. acid of 50" l^e. ; for 
100 kg. of such acid he required in January 0-43, in August 
0 64 kg. nitric acid Af 36 ]^c. 

[This production is good, but .still inferior, not merely to 
“high-pressure work ” with ordinary chambers, but also to that 
of some of the German works, cf. p. 640.] 

Later on {Z. Chem., 1900, p. 742) Meyer improved 

his chambers by arranging in the first (and hottest) chamber a 
consisting of forty-three lead pipes, 2 to 2 \ in. wide, 
suspended in water-lutes from the chamber top all round the 
'drcumferencc and reaching 8 to lo ft. down into the chamber, 
t hey are closed at both ends ; through their tops enter thin lead 
j)ipes, reaching nearly to the bottom of the larger pipes, for 
introducing the cooling-water, as shown in P'ig. 196. The whole 
offers a cooling-surface^of 23 sq. m. (^-::250 .sq. ft.), /.r. 7 per cent, 
of the heat-radiating surface of the chamber sides and ceiling. 
The water, of which 8^ tons is used per day, issues at a temj)cra- 
ture of 67^ C. The heat evolved by the process of converting 
SO< O, *and H.,0 into HoSO^, as far as it goes on in that 
chamber, is calculated = 2 \ millions metrical heat-units per 
twenty-four hours, of which 5od,ooo are removed by the cooling- 
♦water = 20 per cent. This is not .shown by the chamber ther- 
mometers, as the loss of heat is made up by that newly generatecT 
by the chemical process, but it is manifested by the increased 
production of sulphuric acid (according to the theories of Lunge 
and Sorel, cf. later on). * The pipes la.st a long time, and .can be 
immediately renewed by taking them out of the hydraulic seaks. 
The hot water is uted for feeding the steam boilers. 

In Z. angew. Chem., 1902, pp. 15 1 et seq., I stated that the 
advantages to be realised *by Meyer’s proposals by 'his own 
showing are nol very considerable. Up is very doubtful whether 
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or equal wei^^hts tef lead his tangential chambers produce any 
nore than even mod^ately well-managed ordinary chambers. 


2^0 



I 


Fit., n/). , 

This also comes out in the comparisons made by Falding (see 
below). 

Til, Mes er (Ger. V. 186164) later on* patented the following 
improvement of his “tangential chambers.” Two or more 
tan|;ential [lipes arc ‘placed in various pla(|es of the chamber 
avails, with a section reduced ,in proportion to the artificial 
increase* of* the velocity of the g^sqs produced mechanically 
Fisc/icr's Jd/irt'sbt'r., iQOf, p "331). Another improvement by 
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the same inventor and described in Ger. P. 326792 is made for 
the purpose of dealing with the fact th'^i a stagnation of the 
gases takes place round the exit-pipe at bottom of the chamber. 
This is now remedied by providing a special outlet-pipe at that 
place and reintroducing the gases tangentiall)- into the chamber. 

In another paper (X. CheDi., 1901,^). 1245), l^ltn'er 

acknowledges the “Lunge towers” as the best solution of the 
problem of bringing thw inisiy particles floating in the chamber 
to act upon each other, and he advises to combine such inter- 
mediate towers with his ^ tangential ” chambers. 

Th. Meyer fully discusses the matter in a pamphlet, Das 
TaH^euti(il-K(i)innet\ystcni^ published at Offtaibach in 1904, 
and reviewed in Z. Chcvi., 1904, p. 477. 

According to Guttmann (/. Soc. ChenL hid., 1903, p. 1332), 
Meyer’s circular chambers are a great success. 1 le had satisfied 
himself that they came up to the guarantee given l)y Meyer, 
vix.., a maximum of 1 r-6 cub. ft. of chamber space per pound of 
sulphur charged with a maximum consumption of 2-7 lb. of nitre 
per 100 lb. of sulphur. Meyer himself {Z. <vi^t'u\ Chcin., 1904, 
f). 926) and VV. He.ss (Z. attyciv. Ckein., 1905, p. 37()) defeiul 
Meyer’s system against objections made to it by Hartmann and 
Henker {ibid.. 1904, [). 554). 

Heskow {ibid., 1908, pp. 2312-2315) experimentally investi- 
gated the way in which the gases travel in Mc) cr’s tangential 
chambers; he found that in fact the tangential movement 
prevails in the greatest part of the chamber, both in the upper 
and the lower part' of it, nearly up the centre, whilst in circular 
chai}}bers of the same size, into which the gases were conducted 
axially, no definite direction of the movement of the gases c(;uld 
be recognised. 

4 According to Nemcs {Z. angcw. Chciu., 1911, p. 392), up to 
1 91 1, thirty-nine factories had been erected on Meyer’s tangential* 
system. The cost of plant is rather high, on account of the 
employment of iron frarne.s, but there are cornpensating 
advantages. . 

Benker, according to direct communications received from 
him in 1902, employed onl)’ narrow chamoers, say iiS to 2cTt. 
wide, and from 25 to 33 ft. high. Such chambers are, in the 
first instance, better adapted^ for water-spraying, bu*^ they also 
afford a better rtiixture of the gases, especially if the sides are 
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cooled, by employing an open bratticing for the side passages 
{2I, in. laths with i J in#clear spaces) and a roof- rider. The cold 
gases descending along the sides must rise again in the centre ; 
but in the ca^^e of very wide chambers a dead space remains 
where the velocity is very slight, and where the mist of nitrous 
vitriol sinks dovyi without acting on the gaseous constituents. 
This cannot produce “ high-pressure work ” (cf. iufra, p. 639). 
Henker objects to Meyer’s tangential chambers (p. 624) that 
there is no question of tangential action, that in the centre of 
these circular chambers gases of very* different concentrations 
get mixed up, and that they would be too expensive if the only 
proper way was followed, viz., building iHan)' small circular 
chambers in a .set. We shall later on, w’hen describing the 
system of water-spraying, give a complete diagram of linker’s 
chambers. 

Grosse-Leege ((jcr. W 1622 i<S) de.scribes a circular chamber 
with tangential introduction of the gases, narrowed towards the 
exit-pipe for the gases, which is arranged sideways, so that the 
gases must travel all along the walls of the chamber. Steam- 
injectors are arranged in such manner that they send out a 
steam-jet tangent iall)’ in the direction of the gaseous current. 
Hy means of a spout, surrounding the top of the chamber, with 
perforated bottom, cooling-water may be run down the outer 
surface of the chamber {Z. Chcui.^ 1905, [>. 1909). 

Olga Niedenfuhr (Ger. V. liSpSjq) describes a circular 
chamber, with spirally running .solid or perforated inner 
diaphragms, which force the ga.ses to take a similar course. 

hroinont (Ger. P. 191723) employs a circular chaiy^ber <with 
corrugated sides and inner diapliragms (B. P. 4861 of 1907 ; 

Fr. P. 375117). • 

l^'els ((ier. P. 228696) employs as acid-chambers drums, in 
"Vhich fans with smooth or perforated wings produce an energetic 
mixture of the gases, while nitrous vitriol runs over the bottom 
in the opposite direction. 

Guttmann (/. Ace. CZ/n//. hnl, 1903, jf 1332) states that it had 
become usual in Fngland to prefer smaller chambers to very 
lon^ ones, and to mak'e their height greater |lian the width. 

Liittgen (Ger. P. 244402) sh^es both top and bottom of the 
chambers .'iemicylindrically or pol^gpnally, and provides the 
bottom with holes so tha 4 it i."? kept free from a^id. The gases 
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enter the chamber tangentially, and leave it in the same way or 
centrally, but alwa}'s ^opposite to the ^entrance. Thus they 
travel in a helicoidal way, and in the end leave the chamber 
tangentially. • 

Coinbinatiou of Chinnbcrs to Sr/s. 

Sometimes the whole working-space is contained in one 
chamber. Scheurer-Keslner (Wurtz, iii., p. 147) mentions 
a single chamber of 114.2,000 cub. ft. ca})acity, and quotes the 
experience of different works, according to wjiich it is quite 
unnecessary to divide 1;hc set into several chambers. More 
Irequently, however, several chambers are combined to form a 
set, which, to begin ^dth, affords this advantage — that for repairs 
it is not necessar)' to stop the whole set. 

A great diversity of opinion exists as to how the single 
chambers are to be combined to form sets. Among the 
hundreds of vitriol-works very few will be exactly alike in this 
respect; and rre([uently even in the same works different 
combinations are found. We may, however, consider it as 
established that it is almo.st indifferent in which way the 
chambers arc combined, if they arc, in the first instance, 
properly built (that is, not too high or too wide) ; and if, secondly, 
they possess a certain cubic capacity for the quantity of sulphur 
or pyrites to be consumed. Within the.se limits those combina- 
tions are best which require least lead, and which are laid out 
as to afford the greatest facility for supervision. Of cour.se 
there is also an extreme limit to the capacity of the wdiole set ; 
but opinions differ upon this point also. At .some works a set 
consists 5 f nine or eleven chambers of 35,000 cub. ft. each ; at 
oUiers, equally large, it is limited to three chambers of 42,500 
c^ub. ft. each, etc. Thus at Hebburn-on-Tyne at the time of my 
•last visit, several sets of three chambers each were employed, each 
chamber 20 ft. wide, 125 ft. kmg, 17 ft. high on one side, 18 ft 
on the other ; each set serves for eighteen burners, burning 7 cwt. 
<^aily. At Gateshead there were several sets of three large 
chambers, each so arranged that two of them communicate 
separately with a set of kilns (“working-chambers”), and both 
of them were conducted with the third chamber; the whole* set 
had a capacity of about 200,000 cub. ft. More usually the gas 
passes through all three chambers in succession. . Vary often 
four chambers are combined, each of <them about 20 X 20 x 1 30 
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ft. — or five chami)crs, two of them working-chambers, thus, 

\ ^ ^ 5,— ‘»r even six*chambcrs, thus, / 5 — 6. 

2 — 4 2 — 4 


In Ameri(,;a (Z. ('/Wf/A't'. Chem,, 1894, p. 133) I foiuul at one 
place a set of twelve chambers of ecpial size, each 24 ft, long, 
which, it was assx'rted, combined very good yield with small con- 
sumption of nitre. At another place they had three chambers, 
60, 50, and 40 ft. in length, with plate-columns between. 

d'he chamber-set described by llasenclever [Chou, hid., 1899, 
p. 26) consists of two very large and two small back chambers 
of a total ca[)acity of 7250 cb.m. -- 267, exx) cub. ft. He 
mentions the e.xistence of sets composing I2,cx)0 cb.m. 
= 420,00c^ cub. ft., which is decidedly far too much. 

At one of the most modern German works 1 found sets con- 
sisting of three chambers, all of them 10 m. wide and 7 m. high ; 
the first had a length of 41, the second of 31, the third of 10 m. 
They produce 2 8 kg. ILSO, per cb.m, (equal to about 18 cub. ft. 
chamber-space per pound of sulphur burnt in twcnt)’-four hours). 

The Rhenania Chemical Co. prefers throughout sets of two 
equally large chambers, followed by two small back chambers 
(1902), 

In France it is usual to cotnbine three chambers in a .set, 
e.xceptionally four or five. 'I'he total capacity of a set hardly 
ever exceeds 6cxx) cb.m. ( ~ 2 10,000 cub. ft.). 

According to Mouit. Sdent., 1900, p. 563, Jknker has for a 
number of ) ears built chambers (in France) on the following 
plan : — Besides the Glover tower he empire's a dry filtering 
chamber, in order to retain flue-dust and arsenic. His than^ers 
are three in number, of a total capacity of only 2000 to 3000 
cb.m. (70,000 to 1 05, OCX) cub. ft*). Into the last of these fie 
introduces SO.> (buriicr-gas) ; then comes a small intermediates 
chamber, and then two Gay-Lussac towers.* The draught is 
producecFby a fan-blast. Benker claims to produce 6 to 7 kg. 
acid of 52 Be. (^ 3*7 to 4 3 kg, H.,SOj per cb.m. ( = i lb. sulphur 
burnt upon 13 2 to 11-3 cub. ft !), with cf consumption of o-8 to 
i-o nitric Acid 36^ Be. per 100 acid of 52° ( = 3 103-7 lb. NaNOj, 
per.idD S burned). The chambers are fed fvith a water-spray 
in lieu of steam {idde />///vr), and he always injects some SOj 
(butner-gas] into the last chamber j(Ger. Ps. 88368 and 91260; 
c/. later on). 
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Recently (Z. Chcni., 1906, p. •is;) Henker and 

Hartmann prefer employing /rerHirst chi^mbers, upon which the 
gases from the Glover are equally distributed ; this effects a 
much larger production, reduces the consumption of nitre and 
also the temperature. 

Kliel (Arncr. P. .S6096S) places the acid-chambers side by 
side between the Glover and (bi\'-Lussac towers. Induction 
and eduction flues communicate with the several chambers near 
the same end, the former being placed nearer Jthe axial centre 
and in a higher plane than the latter. Steam-pipes open into 
the induction dues near their discharge ends. Means are 
provided for forcing;; the gases through these Hues, producing 
reverse currents inwardly toward the rear, and outwardly 
toward the front (.)f the chamber. 

Marlow (Amer, P. 882330), in order to save .space, places a 
certain number of lead chambers (jiie above the other; their 
tops arc provided with coiding-basin.s. 

S'/’c'e 0/ the Cli(VJibers.— 'X\\\'^ varies vi'ry much. Apart from 
the “ tambours ” of the French system, the ordinary chambers 
arc made with as little as 10,000 and as much as 140,000 cub. ft. 
capacity. Chambers of only 1 0,000 cub. ft. or little more capacity 
arc no longer built as main chambers ; the usual capacity of thc.se 
may now be taken as ranging from 25,000 to 70,000 cub. ft., more 
frecjucntly nearer the^ upper than the lower limit. Smaller 
chambers cost much more, comparatively, than large ones, and 
it is doubtful whether they afford any corresponding advantage.s. 

The different chambers of a set are either placed on the 
same levtfl, or, more suitably, each following chamber is placed 
I or 2 or, better, 3 in. higher than the preceding oimv .s(j that the 
acid of the back chambers cai! be run more easily into the 
ivorking-chamber. In the first chamber the acid is both 
strongest and most free from nitre; and it is therefore prefer- 
able to draw off any acid from this, whether it be for* sale, for 
use, or for concentration. The acid drawui off is replaced partly 
by that newly formed^in the .same chamber, partly by the 
weaker acid run over from the other chamber. If there is only 
one long chamber, ’^he acid is always found strongest near vhe 
entrance of the gas. , 

In England, all the chan\bers of a set are generally of equal 
size, apart from ’local circumstances ; asd this plan is now more 
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frequently used oa the Continent as well than formerly, when 
the French systern, ev^n now the more usual, was the only one 
to be met with. In that system there is a “lar[:je chamber,” C 
(Fig. 197), phveed at the lowest level, combined with a few small 
chambers at a higher level, both behjrc and behind the large 
one. rhus the first small chamber 
or A, serves for denitrating 

the nitrous \iitriol by hot water; the 
second one, H, for introducing fresh 
nitric acid*; the third and fourth 
tambours, K and \\ for finishing the 
reaction. • 

In the south of France (Favre, 
Mofiit. SiiniL, icS/b, p. 272) there 
was then mostl)’ a large chamber of 
135 X 26 X 20 ft, or of I(K)X i6x 22 ft., 
combined with two small chambers, 
together about 140,000 cub. ft. At 
Aussigeach large chamber is 200 ft. 
long and 24 ft wide, and is combined 
with a small tambour for catching 
the fine dust, and two small end 
chambers, not receiving any steam, 
but only serving for cooling the gas 
previously to its entering the Gay- 
Lussac tower. 

Some manufacturers reject all preftminary chambers 
(tambours), because the chamber-process is carried oif best^if a 
large space is afforded at once for the mutual reaction of the 
gases. Thus in a large Frcncl? works two-thirds of the whole 
chamber-space are occupied by the first chamber, two-ninths by 
•the second, and one-ninth by the third ; this system is also 
adopted'at Uetikon. 

At the Government works at Oker (official communication, 
I902),there are five sets of chambers, tHe best working of which 
have the following dimensions: — 

• Chamber I. 35 m. long, 8-oo m. wide, 6-50 m.*high = 286o cb.m. 

„ II. 30 m. „ 8-00 m. „ 6*50 m. „ —1560 „ 
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The chambers communicate by pipes i mt wide, entering; at 
about two-thirds of the height and going ®iit i-20 m. above the 
bottom. Small front and back chambers have been designedly 
left out in this system, but small back chambers e.^ist by chance 
at the older sets. 

Small chambers, of course, require more ic^id and space 
than large ones of equal capacity. A preliminary chamber, 
however, is serviceable,»whcre no Glover tower is present, for 
catching the dust and cooling the gas, so as to^save the large 
chamber. For the same Reason the nitric acid was once usually 
introduced into a special tambour; but it is best, as we shall 
see, to run it down t^e Glover tower. 

small chamber at the exit end is certainly ser\ ici-able for 
drying the gases previously to their entering the (lay-Lussac 
towers in cases where there is no long tube or tunnel for the 
same purpo.se. 

The waste of lead in small chambers is more easily under- 
stood by a definite example: — A chamber of 100x20x20 ft 
has a cubical capacity of 40,000 cub. ft. and a surface of 88o(3 
sq. ft. A tambour of 16 x 10 x 10 ft. has a caj)acity (.>f 1600 cub. 
ft and a surface of 840 sc]. ft. Its contents are therefore .A,, but 
its surface almost of that of the large chamber ; and con.se- 
quently its surface is nearly 2 I times as large, in comparison 
with its capacity, as that of the large chamber. 

Whilst, of course, there is no doubt that a given cubic space 
of chamber-room is more cheaply obtained with a few' large 
than with a great?r number of small chambers, it is, on the 
oth^ haiTd, very easy to overstep the mark in this direction. 
We have seen above that, in the case of chambers of an 
excessive section, the gases dt) not get properly mixed; but 
*<ie same principle applies even to the division of the chamber- 
space in the direction of its length, since every time the gas has" 
to be compressed into a comparatively narrow connection-tube 
in order to pass from one chamber to another, this must bring 
about a good mixture, Superior to that produced in thg same 
length of undivided chamber-space. For this reason, to begin 
with, it seems expedient to subdivide flic chamber-si>ace*by 
multiplying the number of chambers ; and we shall further on 
meet with another strong reason for the same purppse^ namely, 
that the cooling* down of the contt:nts«of the chamber, essential 

2 S 
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for the reaction among them, is promoted by their contact with 
the comparatively co®l end-walls of the^chambers. 

In England it is taken as a practical rule that for every cubic 
foot of chamber-space there should be about 0 2 foot of total 
surface (top, bottom, sides, and ends). A chamber 20 X 25 X lOO 
feet would contain 50,000 cubic feet and have a total surface of 

10.000 square feet, which is exactly the above-stated proportion. 
Sets of chambers in England are rarely made larger than 

200.000 cubic Jeet ; if more is required, the whole is broken up 

into two or more sets. • 

When speaking here, and elsewhere, of “ chamber-gases,” we 
always comprise in them not merely tlfc vapours of water, 
nitrous anhydride, etc., but also the misty particles of liquid 
sulphuric acid, nitrosulphuric acid, etc,, floating about in the 
atmosphere of the chambers, 

Schertel, in fact, starting from the princi])le adduced by 
myself on an experimental and theoretical basis, to which he 
agrees, proposes to multiply the number of chambers, keeping 
them rather short {C/iem. hid., 1889, p. 80). Bode (Z. angeiv. 
Chem.y 1890, p. 11), on the same principle, pro])oses chambers of 
half the usual length, but twice the ordinary width — say 40 ft. 
This would involve some difficulties, although not insuperable, 
in constructing the chamber-frames. Later on {S’Ac\\^,Jahrcsber., 
1890, p. 148) Schertel described practical experiments bearing 
out the theoretical considerations just mentioned ; and further 
experiments on the manufacturing scale, entirely confirming my 
own results and conclusions, have been inade by Retter (Z. 
angew. them., 1891, p, 4). • , 

Conmxtiiig-tuhcs. — In the usual case, where several chambers 
are combined to form the acid-lnaking apparatus, the questfon 
arises how the single chambers of the set are to be connected. 
One thing about this is certain : that the counccthig-tubes must be 
placed at the small ends, so that the gas shall travel right through 
the length of the chambers, and no dead corners are left. But 
the nQXt question is, at what part of thft section the connecting- 
tubes are*to leave or enter the chambers. There is general con- 
sent as to this point, ‘that the gas should en^r the first chamber 
near its top. Some proceed in this way : they take the gas 
away aV or^e end near the bottom ^nd introduce it into the next 
chamber near its top. Others maintain just as strongly that 
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this is wrong, and that, on the contrary, the gas-pipe ought to 
leave each chamber ney its top and enter the next chamber 
near its bottom. Others, again, contend that it matters very 
little where the gas enters and leaves, and that it ij? therefore the 
simplest plan to make straight connecting-tubes about midway 
in the height of the chamber. This last view .sA:ms to be borne 
out by the practice of several practical men of very large 
experience, and it agrees 
very well with the investi- 
gations of Lunge and Naet 
{vith' infn)), who found 
that the composition of 

the chamber-gases in any Fig. 198. 

given cross-section of the 
chambers does not differ 
very materially between 
top and bottom, so that it 
must be indifferent where 
the connccting-tubes are 
1 -laced. This is confirmed 
by information from the 
Rhenania works in 1902. 

The connecting-tubes 
may be round pi[)es or 
angular flues (tunnels). 

The former are prefer- 
able, because they can be 
mad# witliout a frame, 
aipl because they stand 
better. They must, how- 
ler, be made of ^strong 
lead, say 9 to 12 lb. per 
square foot, and bound here and there with iron hoops, between 
which and the lead, wooden slaves arc placed in order to keep 
the pipes in shape; but*if the weight of the lead aiyounts to 
15 lb. per square foot, no staves are needed. Figs. 198 and ^99 
will make this clearer. * 

The iron hoops serve also fcr suspending the pipes friyn 
beams, etc. The zvidt/i of the pipe introducing the gus ftito the 
first chamber, whether it comes froni tlit Glover tower or from 
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the burners, niust be adapted to the quantity of gas conveyed. 
For a combustion of 7®tons pyrites daily^a pipe of 2 ft. diameter ; 
for 9 tons, one of 2I ft. ; upwards of that, one of 3 ft. diameter 
will do; more than 10 tons are rarely consumed for a single 
.set in twenty-four hours. Since the volume of the gas decreases 
in its onward jfjwrney, the connccting-pipes between the single 
chambers may be successively a little smaller ; but it is not well 
to grudge anything here, since no hartn is done if the pipes 
are too large, l]|^t very much if they are too small. 

At Griesheim several connectiifg- tubes are introduced 
between the chambers instead of one. I'his seems very rational, 
and at the same time serves for partially Pooling the gases in 
their transit, which we shall find further on to be an important 
feature. “Dead corners” arc most easily avoided by this 
plan. 

According to the B. P. 2001 2 of 1904, of G. K, and A. R. 
Davis, the chambers are connected by tubes of 2 or 3 in. 
diameter, of which forty (more or less) are enqdoyed, so as to offer 
the necessary space for the gases to travel through. They are 
stated to have a very efificient cooling action, being exposed to 
the atmosphere (this is, as we .see, identical with the just- 
mentioned Griesheim plan, described already in our edition of 
1903, vol. i. p. 465). 

In the 41 a 7 Alkali Report ^ pp. 91 and 92, it is stated that 
several firms had changed the connections of the chambers in 
such wa) that the inlet is near the bottom^ and this has been 
found very satisfactory. The steam is introduced above the 
inlet and below the outlet. * « 

Porter {Chcui. Trade /., 1909, xliv. p, 79) stroi^ly 
recommends placing the entrance-pipe for the burner-gas at 
one end of the chamber near the bottom, jiot, as is found In 
most places, in the centre or near the top. His opinion is 
founded on experiments made with a glass model on a scale of 
J in. to I ft. The exit-pipe should be about half-way up the 
middle at the other end. * 

Cellarius (Ger. Ps. 166745 and 183097) causes the gases, 
pAissing from one chamber into another, to form strong whirls 
by means of the centrifugal action of a steam-pipe, and to be 
throwrr against a layer of coke, wetted with ^acid, or through 
two concentric cylinders’ with perforated horizontal diaphragms, 
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for the purpose of precipitating the already formed .sulphuric 
acid present in the statp of fog. • 

Hofling (Ger. P. 202631) places in the entrance- and 
connecting-pipes of the chambers spiral-shaped plates, in 
order to give a rotating movement to the gases. In case of 
several entrance-pipes (which may be arranged in an angle to 
one another) the spirals are made, one turning to the right, 
the other to the left, stf as to produce a more intimate friction 
and mixture of the gases. • 

VVinsloe and Hart (I?. P. 26916 of 1902) place in the pipes 
or trunk.« connecting the lead chambers or towers numerous 
vertical pipes, open 'it top and bottom. The gases circulating 
round these pipes are cooled and mixed, the process being 
assisted by baffle-plates at right angles to the air-tubes. Refer- 
ence is made to P. P. 20142 of 1901. 

Hegeler and Heinz (Amer. IN. 728914, 752377 ; P. P. 254 
of 1904) arrange the flues to enter the side of the chamber near 
the front end, and to pass out of the side at the rear end, at 
different levels, and transversely to the length of the .system. 
The gases thus enter and pa.ss out of the chambers in o()po.site 
directions, at different levels, and transverselv to their general 
course. Their Amer. P. 765834 de.scribes a main Hue provided 
with a filled section and a free open section, with a fan in the 
free section, and a secondary Hue communicating with the 
main flue before and after the filled .section, aiid provided with 
a fan. 

Lagachc (Fr. P. 350363) withdraws f^art of the gases frcim 
the hottest, or from any part of the chamber, conducts them to 
a^ refrigerator, and takes the uncondensed cool gases back to 
the chamber. 

• Cubic Contents of Chambers . — The total cubical contents 

* . • 

of a set of chambers must bear a certain proportioji to the 

quantity of acid to be produced, several special circumstances 
modifying that proportion. Thus it is certain that for pyrites 
more chamber-space i^ needed than for sulphur we have 
seen above (p. 559) that the relative proportion may be stated 
as I : 1-314. But *now the que.stion is, \V'hat is the ab.soIbte 
amount of space needed ? Prqperly speaking, the connectijig- 
pipes, if they are of gre^t, length, and the Glovep and Gay- 
Lussac towers should also be inHudtX] in the calculation, and 
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that to a lar^^er .extent than corresponds to their cubical 
contents. • ^ 

The consumption of nitre also influences the chamber-space ; 
within certaiu limits a larger consumption of nitre may 
compensate for a smaller space. 

i^artly from ^his the widely divergent views on this point 
may be explained, l)ut not entirely; for some manufacturers 
obtain about the same yield as their •neighbours, possessing 
half as much inore chamber-space, although both the pyrites 
and the general construction of the plailt and their consumption 
of nitre arc as nearly as possible the same. In the following 
remarks we shall reduce all measures to culflc feet of chamber- 
space reciuired for burning i lb. of sulphur dail)’, taking, in the 
case of pyrites, the sulphur bought, not that actually burnt. 

For some jjarticulars concerning older methods, cf. second 
edition of this work, pp. 371 and 372; for recent ones, 
pp. 627 ct scq. h'rom sundry haiglish alkali-works I can state the 
following spaces used in 1879 per pound of sulphur per diem : — 

1. 11. III. IV. V. 

28 25 20 18 16 cub. ft. 

I. and II. were considered too high by the chemists of the 
respective works themselves ; but it should be stated that the 
same space was em[)loyed in 1864, when 30 per cent. Irish 
pyrites was used, for which it was more suitable. 1 1 1. (viz. 20 lb.) 
is a proportion employed at many large works ; but IV. and V. 
are found in works having as good a yield 5 f acid (270 to 288 
O.V.) and no larger cou-sumption of nitre (3.1 to 4 per c 1 :nt.).« In 
all cases rich Spanish or Norwegian ore was burnt, and both 
Gay-Fussac and Glover towers \fere used. From this it follows 
that under the same conditions 20 cub. ft. per lb. of sulphuiv 
•“charged is amply sufficient, and 18, or even 16, will do ; but the 
latter certainly was at that time generally assumed to be the 
lowest allowable limit. This agrees with a statement of Wright’s 
{Chetfi^Navs, xvi. p. 94), who demands f6 to 19-2 cub. ft. 

From the Inspectors' Alkali Reports it will be seen that the 
amount of chamber-space actually employed^ at English works 
varies in a most extraordinary way, and not merely in conse- 
quence of tjie fact that very small works generally employ an 
excessive chamber-space.t It ^s also seen from fhe same source 
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that the usual assumption that less chamber-space is used with 
brimstone than with pyrites is altogether erroneous. We will 
here give merely a few figures obtained by taking averages of 
the single works enumerated, leaving out those t>iii'ning both 
pyrites and brimstone, or coal-brasses, or “oxide.” 

In the 20/// Report, pp. 48 and 49, we find tl^e average of 18 
works burning pyrites to be 23-1 cub. ft. of chamber-space 
(minimum 15-5, maximum 38-4); the average of 10 works 
burning brimstone 297 cub. ft. (minimum 217, maximum 44-8). 
In the 2\st Report, pp. *20 and 21, 21 works l*urning pyrites 
average 26-6 cub. ft. (16 to 40); 15 works burning brimstone 
average 26 2 cub. ft* (21 to 48). On pp. 64 and 65, 22 works 
burning pyrites average 29-2 cub. ft. (17*3 to 43-2); iS works 
burning brimstone average 31-4 cub. ft. (19-3 to 46-2). Hut as 
the great majority of these works are too small to afford a real 
guidance in this respect, wc will quote in detail (from 2\st 
Report, 8r) the figures of 15 medium and large-sized works 
in the Widnes district, comprising .some other interesting 
information : — 


I’yrite.s burnt 

(!iib. ft. chainbt'f- 

Nitrate of soda 

(’apacitienofCiay. 
I.nsflac. towers 

1 

Total acidity of 

pfr \V(;r‘k. 

Hi»aoe piT lb. of S 

isir ••••lit of 

j)er ton pyrites 


Tons. 

btirnt in '24 lioiirs. 

sulphur burnt. 

used per week. 
Cub. ft. 

cub. ft. 

175 

ft 


... 


52 

21-0 

3-50 

... 


350 

1 8-0 

5-00 

65-8 

0*87 

210 


4-70 

18.7 

2-10 

125 

28-0 

4-00 

3O.I 

0-65 

,98 • 

17-8 

4.20 

32-4 

2-88 

240 

21-0 

4-25 

24-0 

171 

• 250 

28.3 

3-75 1 

157 

2-34 

150 

21-0 

•... 

37-8 

0.79 


19-3 

500 

20-5 

1-90 

' 60 

22-3 


27-5 

3-89 

260 

22-0 

3*30 

337 

I -60 

117 

21-0 

4'00 

53-5 

. 1-30 

183 

20-0 

1 

21*5 

2 '94 

730 

17-5 

! 

79-0 

0-70 

Total 'I j 

B 

I 



and ^2590 j 

210 

4-17 1 

44-4 

• 1-^2 

averages J j 

1 

j 

i 

• 

1 


The usual proportions in the* south of France were stated •by 
Favre {Monit. Scient., iSf6* p. 271) follows: — h!ach square 
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metre of gratc-surface in the pyrites-burners daily receives 270 
kg. of 40-pcr-cent. py rites, and corresponds to 180 cb.m, of 
chamber-sfjace. This means i -66 cb.m? for each kg. of sulphur 
charged, or 26-5 cub. ft. per lb. 

In the north of h'rance I found, in 1878, about 8 cub. ft. per 
lb. of pyrites, or about 17 cub. ft. i)cr lb. of sulphur charged, 
with good yields and low consumption of nitre, but only for low 
or medium temperatures; in summer, to J more chamber- 
space is re(}iiirc(i. 

d'ho prececHiig statements refer to ewdinary pyrites, but when 
burning/t^fo'e/v.v/tv' meiaUur^^^ical purposes much larger chamber- 
spaces have to be employed. This is nifide evident by the 
following statements which I have received resjjccting the 
production at the Oker works in I90r ; the class of ores burnt 
there has been already described (p. 1 15). 


No. of 

r.litiiiitH'r-st«t . 

ni'scriiitioti of 
ortf bunif.. 

I’ni'iiictioii of arid 
.■iO Ur. prr rb.iii. 
rliaiiilMir-Hpant. 

1 

'I'lir sariif 1 

rcdiirril to | 

n.,s(), 

’ 

1. 

Mi.xcvi ore. 

Kg. 

2.88 

Ke. 

1-80 

11. 

C '|)j>er - ore, mi.xed 
ore. and rei'ulus. 

.VI9 

1-99 

I((. 

Cop|X‘r-oie an*l 

mixed ore. 

3-30 

2*06 i 

\\\ 

Ditto. 

3-33 

208 

V. 

Primipaliy copper- 
.uid le.id - matte, 
wilhalittle copper- 
and lead-ore. 

i.84 , 

i 1-77 

• 

i 

i 


The average consumption of nitrate of .soda is 10 kg. pe^ 
,ton of acid 50^" He. = i-6 per cent, on H^SO^, or about 4*5 per 
cent, on 4he sulphur burnt, which is not too high considering 
the quality of the ores. 

There is general agreement that d^ninishing the chamber- 
space *bel<i>w a certain extent leads to increased consumption 
of nitre, of which w(j have had instances# before. Clement 
{Ftschers Jahresher., 1899, p. 370), reasoning from the results 
obliained with two (small) sets 6f chambers at a Danish works, 
asserts tbat^the consumption gf niti^e Increases \n proportion to 




INTENSIVE STYLE WORKING 


639 


the square of the utilisation of chamber-space, but his data are 
certainly insufficient to prove such a j^cn^ral proposition. 

Furthermore, it is v*ory important with what tciiiperaturi' the 
gas enters the chambers. 'I'he better it is cooled, the less 
volume it occupies for ecpial weight and the less chamber-space 
is required. For this reason a Glover tower^which cools the 
gas very completely, causes, even from this reason alone, apart 
from others, a saving \u chamber-space. It is also well known 
that in winter for the same chamber-space eithjcr a good deal 
more pyrites can be burnt or less nitre is consumed than in 
summer; but there arc also other reasons for thi.s. 

Sometimes the »fhambcr-spacc is stated in so many cub. ft. 
per ton of salt-cake made per week. liiirter gives the following 
useful rules for converting one kind of expression into another : 
— Supposing the chamber-space is given in cub. ft. per lb. of 
sulphur burnt in tw'cnty-four hours, \ ou w'ill obtain the number 
of cub. ft. per ton of salt-cake made in a week by multiplying 
by 75. Given, on the other hand, cb.m, per kg. : by multiplying 
by 16 you express the result in cub. ft. per lb. of sulphur, and 
by multiplying by 1200 ytni obtain the number of cub. ft. per 
ton of salt-cake made per week. 

biteusivc or I [igh-pressure Style of ivorking \SirioSCh(\)iibers. 

In recent times a new style of wa)rking has been introduced, 
first in several French works, called prodne/ion intense^' .say 
“forced” or “ high-pressure ” or “ intensive ” work. It consists 
in supplying the Chambers with a greatly increased .stock of 
nitrg, w'ithout losing any of it, as all the nitre is recovered by 
means of largely increased Gay-Lu.ssac and Glover towers ; in 
tfiis way the production may I 5 c increased to almost twice the 
^sual amount, so that, in winter at least, a maximum of yield 
and a minimum ’consumption of nitre are attained with the 
extremely small chamber-space of 0-7 cb.m, per kg.* or ii«2 
cub. ft. per lb. of sulphur burnt. We have alluded to this style 
stipret in several places, find we shall have frequent occasion in 
later parts of this book to speak of this “ intensive ” sfyle, w hich 
was formerly confined to French factoricjf, but is now practifed 
elsewhere as well. 

In 1900, Pierron {MoniL Scient., 1900, p. 367) ^stated as a 
minimum profihetion in twenty -four Jiours, 2 34 kg. H2S04 = 
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078 kp. sulphur burned per cb.m.= i lb. S per 19 cub. ft.; but 
at Kuhlrnann’s works Jic normal production is 2 9 kg. H.^S04 
and Benker (p. 628) claims obtaining *3-6 to 4-2 kg. H.,S04 
with ordinary, chambers. The ordinary production can be 
increased by the use of artificial draught (fan-blasts), by 
“tangential chaitjbers” p. 622), by “plate columns,” and by 
other means described in their places. 

For Germany, Niedenfuhr (1902) stato the usual cubic space 

2 cb.m, per kg. of sulphur- 19 cub. ft. per lb., which is 
just the same as the intjxiniuni space* allowed in France, but 
decidedly more than the average employed in that country, 
even where no “intensive production” it; aimed at. ]kit 
Niedenfiihr’s statement is decidedly not valid for the most 
carefully managed German works, which, according to direct 
information, manufacture 3 5 Il...S()j {^er cb.m, of chamber- 
space, which is about 085 cb.m, per kg. of sulphur burnt, or 
about 14 cub. ft. per lb. 

I'or the Rhenania works, producing their SO.^ from zinc- 
blende, Dr Hasenclever states as the normal pnxluction 2-5 kg. 
of 68 Bti. per cb.m, in twenty-four hours, with a consumption 
of 0*5 to I'O per cent, nitre per 100 acid of 60 He. 

The following (hitherto unpublished) data have been kindly 
supplied to me by Mr G. F. Davis respecting the results 
obtained in a set of three chamber.'-', each r20x 20X 18 ft., with 
a Glover 8^x 22 ft. and Gay-Lussac 12x12x60 ft. This set 
was worked : — A. One month without the towers : pyrites 
burned 135 tons, potted 96 cwt., 25 cub. ft. Chamber-space per 
lb. of sulphur in twenty-four hours ; 79 lb. nitrate of Soda §ent 
into the chambers per ton of pyrites. H. One month with the 
towers in full operation: pyrite^ burned 180 tons (19 cub. ft. 
chamber-space per lb. sulphur), lOi cwt. NaN03 introduced byt 
•“Gay-Lussac acid, 56- 2 cwt. nitrate potted, 98* lb. nitrate intro- 
duced infb chambers per ton of pyritc.s. C. One month with 
towers : 240 tons p) rites (= 14-4 cub. ft. per lb. sulphur), 205 6 
cwt, in Gay-Lussac acid, 86 cw 4 . nitrate potted, 135 lb. 

nitrate in J^ases per ton of pyrites. D. One month with towers: 
30itons pyrites ( = 1 1»5 cub. ft. chamber-spale per lb. S), 277-3 
cwt. NaNOy in Gay-Lussac acid, 135-1 cwt. potted, 152 lb. total 
nitrate per tpi\ of pyrites, La.stly, K ^One month with towers : 
380 tons pyrites ( = 81 Qub. k. chamber-space ^er lb. S), 394 
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cwt NaNO.^ in Gay-Lussac acid, 203 cwt. nitrate potted, total 
nitrate 176 lb. per ton of pyrites. Under tjic last conditions the 
chambers were worked for nearly a year ; oxygen at burners 
10 per cent., at dust-burner 12 per cent. Average acidit\' of 
gases going into Gay-Lussac 5-5 gr. cubic foot, and 

gases leaving the tower 1*4 gr. H.^SO^. ^ 

varied very little in all these cases, viz., from 40*2 
cwt acid of 123 Tw. por ton of pyrites in A to 39-8 cwt. in K. 
(The above-quoted consumption of nitre is very high, even for 
easy work, let alone for htgh-pressure work.) 

Mr Davis states the general opinion of Knglish acid-makers 
as follows; — “If yoA go on in the old way, working with 25 
cub. ft. of space per lb. of sulphur per twenty-four hours, the 
process goes on absolutely by itself. Decrea.se your chamber- 
space to 15 cub. ft., and you want a chemist and clever foreman, 
while with 8 cub. ft neither foreman nor chemist knows what 
peace is either by night or day.” 

Guttmann (J. Soc. Cficin. hid,, 1903, p. 1334) gives the 
following data. With ordinary chambers frequently 3 kg. 
II.3SO4 per cubic metre is made, with “intense” working up 
to 4 kg. With atomised water and fans (cf injn)) in ordinary 
chambers 5*84 kg. have been obtained. A .set of Meyer's 
chambers (p. 622) without other improvements produces 4 kg., 
according to Meyer’s o\\n publications up to 6-3 kg. ; combined 
with fans and atomised water, probably up to 8 kg. 

Petersen {Z. angeiv. Chem., r907, pp. 1101-1105) greatly 
recommends this htgh-pressure style He does not, from his 
expej-ienc^, believe that the chambers suffer under it more 
than in the ordinary way, but much more nitre must be 
introduced. • 

• An important paper on the “intensive” or “high-pressure” 
working of the acid-chambers has been published by N ernes 
(Z. angeiv, Cheni., 1911, pp. 387-392). He justly points\)ut that 
very naturally every acid-maker wishes to make the fullest 
possible use of his plant; but whether it is really pnore 
economical to make from 4 to 8, or else 12 kg. chaftiber-acid 
per cubic metre of Chamber-space, is a question not yet finally 
decided. Concerning the history of the “ intensive ” chamber 
working, the author quotes from the German edi^ion^qf ifiy 
Sulphuric Acid^ and Alkali (third Ejiglish edition of 1903, 
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vol. i. pp. 453 and 468) statements on the high-pressure style 
in England and France which I had^ received from private 
sources, and he himself (juotes experiments made in that direc- 
tion by the (jo[)ain factory on a large scale. According to 
him, the stimulus for a further |)rogress in that direction came, 
in 1900, from tiic facts then becoming known on the contact 
process of the Hadische Anilin- und .Sodafabrik, which was soon 
followed by others. In that year the minimum production 
of ordinary ch^imbers in F'rance is stated by Pierron at l'- 34 
kg. H.jSOj per cb.m.; the lienker ‘chambers (jj. 628) pro- 
ducing 3 6 to 4 0, and Meyer’s tangential chambers 3-2 to 3-4, 
Falding’s chambers (rv^/c infra) even 6-2 Ifg. In 1902 

Liity and Niedenfuhr report on their results, and the former 
speaks of 12 kg. chamber-acid (“7*4 kg. 1 l.^SOj), but without 
saying anything on the consumption of nitre and on the life of 
the chambers. Hartmann and Honker, in 1903 and 1904, speak 
of 3-98 to 4-58 kg. 11 , SO, with an expenditure of i {)er cent, 
nitrate, and later on of 8-5 to 875 kg. ''ith a use of 

0*7 to I'l per cent, nitre, but say nothing on the life and the 
repairs of the chambers. On Meyer’s tangential chambers, 
Hess reports in 1905 {Z. angrii'. Chnn.^ xviii. p. 376), after five 
years’ experience, a production of 375 kg. M.jSO^ per cubic 
metre, with an ex{)enditurc of 0-54 parts nitre on 100 parts 
chamber-acid, or nearly i per cent, on the real 1 1 ._, SO, produced. 
Ncmes then refers to the controver.sy between Luty, Nicdenfiihr, 
Neumann, and Petersen, on which we shall report later on in 
connection with the new style of working ttic Gay-Lussac and 
Glover towers, and he justly remarks that chambers, working- 
up poor and irregular gasps frtun metal-smelting works, with jin 
expenditure of 2 7 per cent, nftre, must necessarily waste the 
chamber-lead more than the ' intensive ” style with ordinary 
ga.ses and with m per cent, nitre. He further quotes the 
statements of Schmiedel (Z. atigviv. Chem., 1908, p. 249), of 
Proelss ( Zc/A, 1910, p. 322), who required 2-2 per cent, nitre 
for 4*35 kg. fLSO^. and 3-51 per cent, fiitre for 7-24 kg. HgSO^ 
per cubic metre, and of Opl (Z. angru*. Chem., 1909, p. 1961) on 
tht llruschau process, where 31-2 kg. per cubic metre 

were produced in tower.s, with ^n expenditure of 072 per cent, 
nifre. • • , , 

Ncmes further reporte oif the work carried on in a number 
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of cases known to him personally. The following table repre- 
sents the results obtained ; — • 



Kn. n-so^ 1 

Kfi. nitric arid 

Life of tlir 

Country. 

Factory. 

made per j 

30 Hr. cunsniiii'd 

rliAiiilM^rs. 

rb.ni. 

irr 100 kg. UoSOj 

Vrars. 


A 

2-20— 2-40 ! 

0-58 --04)4 

18—20 

i ifdgiuni. 

B 

2-34 ‘ 

0.51 

20 

i Rliineluml. i 

C 

3-74 i 

• l-OI 

15 '7 

France. 1 

D 

3-75 

1.76 


Kliinel.uid. ! 

i: 

5-00 ' 

. 1.28 



1- 

5 -'M ' 

2-88 

8-10 

F.istern (u-nn;iiiy. ; 

G 

6-25 

• ' 

2-(>4 


Atisiri.i. 


These works represent various types, and evidently the 
results depend very much on the style of work, the raw 
materials, the plant, etc. lUit it is a rule without exception 
that the consumption of nitric acid increases with the increase 
of production per cubic metre, and that in much high.er propor- 
tion when the production is strongly forced up. Nemes says 
that the consumption of nitric acid in systems of entirely 
different construction may be represented by the following 
oscillations: — 



t Kg. nitric and nsi-( 

i>f cb.m. 

1 prr loo 

3 

i 

0-35 -055 

4 

1 0-30 0-70 

5 

j 04)0 — 0-90 

6 

j O^o— I-IO 

7-8 

i o-8o 030 

8-9 

j I 00 — I '60 

9—10 

i 1-20— I -So 

10 — 12 

']'» 1-50 -200 


The oscillations of the consumption of nitric a.cid in the 
intensive style are greater than with small production. 

The cosl of repairs naturally varies very much, but 
undoubtedly is much hfgher when making lo to 12 ^than when 
normally making^ 5 kg. acid per cuWc metre. Liity and 
Niedenfiihr’s figure {Z. angciv. C/iejfi , 1^2, p. 272), say ^600, 
appears rather too low than ^00 high, and will certainly , not 
suffice for a high-pressure, set producing 50 tons ITjSO^pcr day, 
as assumed by Luty 1905, p. 
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Nemes further states the cost of plant for a daily make of 
30 tons chamber-acid*for four cases krywn to him by experi- 
ence ; all of them provided with Glover and two Gay-I.ussacs 
fan, water-s[)fay, etc., but with considerable differences of pro- 
duction. The cost of machinery, buildinj^s, and furnaces is 
about the .sarini for the same production, but the cost of the 
chamber-frame.s and that of the lead differs considerably. The 
cost is stated in marks (102-- is.): — • 


j Jvediiction of chainlx'i-.K id per cb.m. 

\ kfr , . . . . 

I C'ubic; conieiiLa of fh.imt)ers, in cb.m. 

I (iiownd space icrjiiired lot cli.iinf)cr'> 

I superf. m." . 

! \'ahic ol (.ground ''p;KC . . nutk^ 

I (iuildin^'s. . . . .1 

1 M.tchineiy . • 

Pyrites kilii' . . • 

^ V.ilue of lead . . • 

Powers and cliamlicr-lr.ime'. . 

. . . . 


No. 1. 

; N..,v. j 

Nu. 3. i 

1 

.No. 1 


• 



3 

5 

8 

10 

10,000 

(1,000 

3.750 

3,000 

1.100 

720 ' 

4 So 

•100 

5 i.oco 

.} 1,000 

3q,000 

3,8,000 

50,000 

5'.cooo 

5o,o(X) 

50 .CK') :) 

iS.oOO 

18,000 

18,000 

18,000 

50,000 

50,00 

50,000 

50.000 

I 20, 0^-) 

84,000 

50,0CK) 

40.000 

1 80,000 

1 00,000 

75,000 

bo.ooo 

470,000 

3}<>.ooo 

28:, coo 

0 

0 

0 


' 'I’Uh total Kroim-I of llo- factory may Ih> put -h lanes tho alxtvf liKurc. 


Nemes now calculates, startin<^ fnnn these assumed costs of 
plant, the cost of prod ncin:^- the acid. He assumes the cuii- 


sumption of nitric acid. 

.. « .. 

tor r.T lor 

.No. 1. No. -J. No. 3. 


per 100 kg. H^,S(.)4 . 

. o-6o 0-88 176 


which, as he coiisiilers, is rather V)0 favourable for the intensive 
style (Nos. 3 and 4) ; coals-- 14 per cent, to 200 H.,SO^ ; labour, 
ten men at 4 marks ; repairs, according to practical experience, 
inclusive*of rejjacking towers, fans, etc. Capital interest, 5 per 


cent. : — 

4CKX) 

The life of the chambers he puts at 20 
Hence, the percentage of capital 
* amortisation . . . S 


5 «DO 

16 

7*6 


9000 1 2,000 marks. 

12^ 10 years. 

t 

8 10 per cent. 


*ln the amounts for amortisation no account is taken of the 
ground-space and 70 per cent. ‘'of the lead, leaving 15 per cent. 
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for loss in rcmelting and 15 per cent, for the cost of that 
process. This leads to the following figures for the cost of 
making sulphuric acid in those four plants, in the shape of 
chamber-acid, hut calculated upon real 11 ,SOj : — • 


H2SO4 produced per cb.m. — kg. 

1.S7 

3*28 5*00 

• Murks. 

6*26 

Sulphur (as pyrites) .... 

1*2X0 

1*280 

1*280 

1*280 

Nitric acid ..*... 

o* 1 20 

0* I 76 

0 - 35 ^ 

0-480 

Power and light .... 

0-200 

0*2^^ 

0-220 

0*2 20 

Wages . . . 

0-2 10 

0-210 

0-210 

0*210 

Repairs ..... 

O-ofK) 

0*073 

0- 13 1 

O* 1 89 

Amortisation . . • . 

0-245 

0*225 

0-193 

0-193 

Interest . ... 

(>•345 

0*252 

o-2o6 

0-187 

Total 

Cost price of H.^SO^ in the form of chamber- 

2*460 

2*4 16 

2*592 

2*749 

acid ..... 

'• 53 '^ 

1*510 

1 -620 

1-720 

This does not include general e.xpenscs (for 

management, 

etc.). 

which ma\' be taken to be the same 

in all 

cases. 

The 

total 


capital required may he pul ~ 6 ck),cx) 0 marks for the high, 
pressure system, against 700, (XXD marks for the ordinary 
system. 

The final result of these calculations, which Nemes declares 
to be founded on practically obtained results, is this : that, 
contrary to the general assumption, the iu tensive or hii:;h -pressure, 
style of working the ehanibers leads to higher eosts of produeing 
the acid than a normal production ol about 6 kg. chamber-acid 
per cubic metre, owmg partly to the comparatively great wear 
and*tear*and the consetjuent higher cost of amortisation and 
repairs, partly to the increased consumption of nitric acid. It 
is now a proven fact that in t*he high-pressure style there is 
greater wear and tear of the lead, for the temperature is higher 
and the amount of nitric acid in circulation is greater ; there 
is also a greater quantity of sulphuric acid conden.sed on the 
lead, which washes off the protecting coat of lead-mud. The 
conclusion is: that for ntw erections the intensive style should 
not be chosen, and the adoption of this style can be advised 
only for special cases, such as the impossfljility of enlarging a 
factory, or special conditions of ^rade, or the stoppage of another 
set of chambers for repairs, and so forth. * 

Finally, Nemes briefly discusses tire question how matters 
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stand when comparing the manufacture of sulphuric acid in 
chambers with the •production of sulphuric acid without 
chambers, in towers, etc., as described in a following chapter. 
He considers*that it is as yet too early to come to a definite 
conclusion on this point, and several years’ further experience 
is rc(juired before the cost of acid by these systems can be 
definitely calculated. 

Petersen {Z. C /u'ui.^ 1911, p{j# 877-S8i) very strongly 

opposes the st^itements and views of Nemes, and his compar- 
ative tables on the expenses of erecting and working chambers 
by different systems, which are calculated on quite arbitrary 
assumptions as to the costs of repairs find the life of the 
chambers. He also objects to his basing his coinpari.son of the 
consumption of nitric acid in the various systems on antiquated 
data. Nowadays factories producing 8 to 10 kg. acid 50 Be. per 
cubic metre of chamber-space should in no case use more than 
i per cent, nitric acid 36 He., and he quotes a case where only 
0 6 per cent, was used by the P'alding system (zv^/c infra ) ; only 
0*8 per cent, nitric acid 36 He. is required for producing up to 
1 1 kg, suli)huric acid 50' He. per cubic metre. Petersen considers 
the principal advantage of the high-pressure system to be the 
saving of 30 to 50 per cent, capital, which allows quicker 
amortisation. He concludes with a comparison of Meyer’s and 
P'alding’s chambers, which we quote when treating of the 
latter. 

Th. Meyer {Z. afii^rw. Chem., 191 1, p. 1520) points out that 
“ intensive work ’’ can be produced by various styles of apparatus, 
but will be always connected with a greater expenditure.' for 
nitre and repairs, and that the optimum of work will lie betwe^en 
the extremes. * 

Nemes {ibid., p. 1 564) replies to various criticisms of his pape>, 
and insists that the producing-cost in the system advocated by 
him is no higher than in the ordinary style of work. 

Hartmann {ibid., p. 2302) states that it is possible to keep 
up good working of the chambers e^n when going up to a 
production of 12 kg. acid of 53" He. per cubic metre, as far as the 
consumption of nitri? acid, high-pressure air, cooling-water and 
wages is concerned, but that thj advantage is partly, sometimes 
even moretthan completely countcyl^alanced b^ a considerably 
quicker and higher wenr aAd tear of the chambers. Hence 
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such intense working of the chambers has now been given up 
again, and a production of 7 kg. acid of 5 A Ec. per cubic metre 
may be taken as normal now. The Glover towers have not 
been worn out more quickly than otherwise, even by the intense 
work. 

llasenclever in 1911 (/. Sot. Chem, ///rZ. 1 9 1 1 , p. 1292) 
considers it advisable to be satisfied with a production of 5 to 
6 kg. acid of 60" Be. per cubic metre of chamber-space, or, 
expressed in British units, about ii cub. ft. of chamber-space 
per lb. of sulphur burnt in twenty-four hours ; when increasing 
the production above this, the cost of chamber repairs ii.scs 
immensely. 

In the brief summary of the, partly very vehement, discus- 
sion on the advantages and drawbacks of the “ intensive" style 
of working the chambers we have tried to preserve entire 
impartiality, but in conclu.‘<ion we must state our impression 
that that .style is more and more extending, and just the most 
advanced manufacturers of sulphuric acid seem decidedly on the 
side of the “ intensive " work. According to the 47/// Official 
Report on Alkali lOorks, 1911, p. 15, that system is working 
without any undue escape, the acidity of the gases, with efficient 
supervision, being well within the limits prescribed and varying 
but little from the ordinary practice. 

Other Proposals for Diminishing!; the Chamber-space. 

The considerate ground-space taken up by the ordinary 
vitri^l-chafmbers, and the very large capital required for these 
immense leaden structures on the Continent, also the expen.se 
of* the correspondingly vast buiidirgs containing them, has led 
a great many proposals for restricting the chamber-space, or 
for doing away with lead chambers entirely and substituting 
cheaper apparatus for them. 

One way of greatly diminishing the space required for the 
reactions of the vitriol-giaking process would be to use pure 
oxygen instead of air for oxidising the sulphur. Thts, indeed, 
forms the subject of patents by Terrell, Hogg, and Tomlinson 
(1871), and of A. & L. Q. Brin (B. P. 12070 of 1886) ; also by 
Ellice Clark, as communication from G. Lunge (B. P. 3if7. 
1888; cf. also Bbde, in Dingi /<?^./.,^ccxvi., p.*453) ; but it is 
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unlikely that by any mode of manufacture whatever will oxygen 
become cheap enough to serve for making ortlinary sulphuric 
acid. 

Schell rer-*Kestner (AV///. .SV. hid. MuUlousc^ 1.S90, p. 276) 
calculates the c<;st of 490 kg. ox)geig corresponding to a 
metrical ton ofisulphuric acid, at 1 76 frs. - A7, which of course 
renders the em[)loyment of such oxygen entirel)' out of the 
question. Oxygen is now cheaper thaR at that time, but even 
in the shape pf “ Linde’s air,” or of the cheapest electrolytic 
oxygen, its price is prohibitive. * 

Another way of increasing the production of acid for a given 
chain l>er-space is by producing a belter f^iixlure of I he ie;ases 
within the chambers. Some of the proj)osals in this direction 
are combined with \\\^^ cooHn^et action demanded by the theories 
to be explained in ('hapter VII. 

Most proposals for manufacturing sul|)huric acid in a 
diminished space .start upon the a.ssumj)liun that in the 
ordinary vast chambers tlie ga.scs are not sufiicienlly well 
mixed ; some of them also on the supposition that there is not 
enough “ condensing ” surface for the sulphuric acid, and that 
this should be artificial!)' increased. So far as it was a.ssumed 
that the sulphuric acid required to be condensed from a vapour 
into a liquid, similar to the condensation in distilling alcohol, 
etc,, this theory is, of course, wrong, inasmuch as the sulphuric 
acid is licpiiil as soon as formed, and docs not exist at all in the 
chambers in the state of vapour. Hut we shall see further on 
that for other reasons it is certainly true that a large amount of 
surface for the chamber-gases to impinge on is indeed almost 
important factor in the chamber* process, and that, moreover^ a 
certain amount of coo/iui; is afso of great importance in this 
respect. We shall see that this proceeds from the necessity erf 
bringing ;ibout the reaction between the nTtrososulphuric acid 
and the* liquid water or dilute sulphuric acid floating about in 
the chamber. Whilst, therefore, we must acknowledge that 
formor inventors were on the right tfack when increasing the 
surfaces *of contact, it is a fact that their efforts were un- 
si»ccessful ; but thisVas caused by the circumstance that they 
did not (and could not in the tlKni state of the subject) properly 
understand the essence of the pi;oce.ss, and that they conse. 
quently chose the wrotig iheans for their ends. Partitions 
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within the chambers, if made of lead, are most quickly corroded ; 
if made of glass, they so^n collapse {vide ( 9 . 650). 

Ward (Ik P. 1006 of 1861) proposes a special mixing- 
chamber for the combustion of 7 tons pyrites iif twcnt)’-f()ur 
hours, 64 ft. long, 16 ft. high, and 20 ft. wide, followed by a 
second lead chamber, or flue, 200 ft. long by 3 ft. high and 3 ft. 
wide, almost filled up with sheets of glass to a length of 25 ft. 
The sheets lie in a horizontal position, and are ke})t a little 
apart by strips of gla.ss, to permit the passage* of the gases. 
Ward believed that upon those sheets (in lieu of which tubes 
might be used) nitrous vitriol would conden.se and afford a large 
surface to the sulphurous acid. His plan does not appear to 
have been carried out in practice, or if it was it must have been 
abandoned again, probably because his erection possessed loo 
little stability or was too easily stopped up. The horizontal 
arrangement is also unfavourable to a .systematic action of the 
gaseous and liquid agents, for which streams in oj)j)ositc direc- 
tions (up and down) arc preferable, as we shall see bekjw ; and 
the total lack of a cooling arrangement would make the whole 
principle of reaction on the solid surfaces incom|)lcte, as will 
be shown later on. 

Mactear (/. Soc. CItoit. Ind,^ 1884, p. 228) carried out some 
experiments slKJwing the importance of surface condensation. 
A tray, placed in a vitriol-chamber, i .sq. ft. area, was found to 
give 708 g. in twenty-four hours, by placing in the 

tray twelve pieces of glass, 12 in. by 6 in. each, in a vertical 
position, the amount of acid obtained in twenty-four hours ro.se 
to 1644 g., or 2'3 times as much, and by placing the glass slijjs 
horizontally, the same distance apart as before, the make of 
acid rose to 3226 g., or 4 5 times more than without the glass. 
Gther experiments ^made with “surface condensers” within the 
chambers showed that in the case of flat vertically placed sheets 
the side facing the gaseous current condensed more acid than 
the opposite side, in the proportion of 100 : 78. When the 
same plates were placed^ horizontally, with their edg^s facing 
the current of the gases, the amount obtained from the double 
surface was 172, against 178 in the former case. 

The principle of surface cor^ensation is also employed in 
de Hemptinne’s ^chamber-sy;^em, which will be mefitioned in 
Chapter IX., in connection with his system of concentration. 
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At some places, at Uetikon near Zurich, there existed 
for a time a pcculiar 4 :inc] of chambers^ Each set consisted of 
only one lar^^c chamber, 330 ft. lon<; ; within this, however, 
there were two partitions, dividing it really into three chambers. 

The partitions are made as 
shown in Fi^e 200. A row of 
perpend cular iron gas-tubes of 

h ' I'-— r-j — h I -in. b'^re, covered with lead, 

, i^ placed across the chamber, 

I ,|| carriefl through its top, and 

I 1 ! hung from one of the joists, t\ 

I I At vertic.fl distances of 2 ft. 

I ' there are lead hooks, (/ d, at- 

I tached to the tubes, on the 

:j opposite side other hooks, d' d\ 

f j •' a little lower. These hooks 

I must not be made of sheet-lead, 

j because they bend too easily, 

! 1 but they must be cast. On 

i these hooks sheets of glass 

t Jj| 2 ft. + 2 ft. 6 in. are placed 

I loosel)’, leaving chinks of about 

I j I in. width fur the passage of 

I ! I the gases, in order to mix them 

better. These partitions do not 
* I seem to offer any guarantee of 

^ I durability; and in fact, both at 

.1 ^ Uetikon and at other v/orks, 

formerly possessing similar gjass 
: * partitions, they have been re- 

moved again ; they are said 4o 

I have sometimes suddenly col- 

lapsed and cut through the 
^ chamber bottom. 

^ Tlte simplest kind of internal 


partition— -viz. sheets of lead— is not practicable, because the 
l^ad* exposed to th*e heat and the gas on both sides, is very 
cyjickly worn away. This entirely disposes of the suggestion 
of Bofntrtiger {Chem. Ind., 1885, ^..386) to make nearly hori- 
zontal (rather slanting)^par(!itions in the chambers, in order to 
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multiply contact-surfaces. Both in this case and in the Lletikon 
plan the internal conta^'t-surfaces, not l^ing cooled, do very 
little service (cf. later on). 

Walter and Boeing (Ger. P. 71908) employ hollow partitions, 
made of acid-proof material, arranged across the whole width 
of the chambers. Double walls are constructeckof such a form 
that the principal gaseous current enters through large holes 
near the bottom, rises upwards in the space between the walls, 
and issues at the tu[> ; at the same time the ga.s^^s are allowed 
to penetrate into the inner space by numerous small openings, 
and to issue in the same wa)' on the other side, so as to pro- 
duce a good mixture. Ihittresses and binders produce sufficient 
stability without interfering with the draught, which is also 
procured by making the sectional area of the openings and 
joints much larger than that of ordinarv' connecting-pipe.s, 
[This .system aims at attaining the .same object as the {previously 
introduced platc-columns in a sini{)ler way. l^ut, in conse- 
quence of the many outlets offered to the gases, it is doubtful 
whether the\’ will travel exactly in the desired path. The 
stability of such inner walls, even when made of the best 
material, is very doubtful indeed, and a collapse must produce 
most disastrous results, as has been found in practice, wherefore 
the use of these partitions has been abandoned.] 

Brulfcr (h'r. P. 220^402) also employs hollow brick {partitions 
within the chambers; he adds dividing ap{paratu.s, made of 
air-cooled lead tube's, fixed behind each partition. When the 
gases have passed through a cooled divider, they again pa.ss 
throBgh a hollow brick divider. 

c Olga Niedenfuhr (Ger. 1*. 241894) ein{ploy.s partitions cT lead- 
covered iron which arc placed in the chambers and divides the.se 
ihto single elements which can be combined or sejparated at will. 

A similar principle, in which, however, the idea of mixing 
the gases was the chief aim of the inventors, is involved in the 
proposal made by Gossage and many others, and frequently 
carried out in practice, of filling the chambers partially or entirely 
with coke^ or of erecting special coke-towers at the end of the 
set, not as Gay-Lussac towers, but to be merely moistened by 
water or steam. In practice il^ has been found that even as a 
matter of construction thjs.plan gave much troubie, because 
the great weight pressing upon ll!e olftside layers of the coke 
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makes it bul^c out or even cut through the chamber sides. 
But a[)art from this 4t was found that the yield of acid for a 
given chamber-space was not increased, that more nitre was 
consumed, and that the acid was rendered impure by the coke. 
Everywhere, therefore, the coke has been removed again from 
the chambers ^themselves, and has been relegated to its 
legitimate place in the Gay-Lussac tower. The cause of this 
failure is probably twofold : firstly, tho injurious action of the 
coke on the uijrous gases, which would thereby be reduced with 
formation of carbonic acid {of. Chaptet VI.); secondly, the lack 
of any cooling, just as in VV'ard’s case (p. 649). 

The same objections hold good for the apparatus of Verstraet 
(/)W/. Sac. (fi'nconrtiii'. 1865, j). 531), which was worked in Paris 
for some time, but had to be abandoned as impracticable. It 
consisted of a number of stoneware jars without a bottom, 
covered 430 s(|. ft of ground, cost only ;£'28o, and was to supply 
daily a ton of sulphuric acid of 106 Tw. There were twelve 
perpendicular stacks of five jars each, filled with coke and 
traversed by the burner-gas ; nitric acid ran down over one of 
them, meeting the suljihur dioxide ; and the resulting acid was 
run over the other stacks in regular rotation. 

The apparatus of Lardani and Susini {Bull. Soc. Chim.^ viii. 
p. 295) was founded on the .same principle. Its peculiarity is a 
“ reaction-ap[)aratus,” whose lower part is filled with sulphuric 
acid, on the top of which a thick layer of nitric acid is floating ; 
the U[jper part, divided from the lower by a jjerforated partition, 
is filled with pumice; the nitre-gas is regenerated to nitric acid 
by an ('xcess of air and water in a .system of pipes fillcd«with 
pumice or coke. ^ 

Mcchanual (ias-niixers . — Tliat mixing the ga.ses alone is not 
sufficient is proved by the small success of Richter’s apparatil^ 
(Ger. P. U5252), consisting of a steam-injector on the top of the 
chamber, which aspirates the gases from the lower part of the 
chamber and reintroduces them at the top. It is true that by 
this a^jparatus probably only a small jjbrtion of the gases would 
be .set into circulation ; otherwise the draught would have been 
iiiterTcred with in ah intolerable way. At all events no great 
advantage has been obtained by using it in all the factories 
visited.by «ic ; but at some places^ pertain improvement is said 
to have been produced thfs means. 
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The same proposal has been made in a somewhat modified 
shape by N. P. Pratt (B. P. 4856 of 184)5). places a fan 
or steam-injector in front of the chamber, and a tower, fed 
w’ith weak sulphuric acid, at the end of the chand)er, the gases 
issuing from the top of this tower being re-injected into the 
chamber by means of the fan. Ikiffiing-colui^ns may also be 
placed within the chamber. Modifications of this system by 
the same inventor are. described in the Amer. Ps. 652687 to 
652690, and B. V. 10757 \ 

Guttmann (J. Soc. them, hid., 1903, p. 1332) recommends 
also placing the mixing-fans in front of the chambers, not, as 
some have done, at*thc end of it. 

Rabe (Gcr. 16 237561) produces in vitriol-chambers a move- 
ment of the gases according to tl\e theory of Abraham, to be ex- 
jjlaincd in Chapter V 1 1., viz., in a spiral wa)’, by mechanical means, 
or by means of sprays of cooled sulphuric acid of lower strength 
than chamber-acid, the spray being produced by chainber- 
ga.scs. A further patent of his (Gcr. P. 240474) tries to jjroduce 
the mixing of the gases in another way. In order to prevent 
the hot gases, coming from the Glover tower, to flow along 
the top of the chamber, partitions are provided at right angles 
to the direction of the gaseous current, reaching some distance 
downwards from the chamber top (from which they are 
suspended), and, if necessary, cooled by water. Or else a 
similar effect is produced by making the chamber ceiling 
inclined from the entrance to the outlet end. 

Th. Meyer’s ‘^tangential chambers” also belong to this 
cla«^ of ?ipparatus {cf. p. 622). 

^ Dr Burgemeister (private communication) proposed both to 
mix and to cool the gases by arranging a number of lead pipes, 
45 18 in. wide, vertically between top and bottom of the first 

chamber, and cooling these by air passed through. ^ This plan 
is hardly practicable, as the immense extension joints, 
especially at the bottom, will cause too many interruptions for 
repairs; but it can be more easily carried out, accor(^ing to 
Hartmann {Chem. Zeii., 1897, p. 877), by constructingl;hese inner 
pipes or shafts in the same manner as •an ordinary chamber 
bottom, that is with a hydraulic lute, formed by turning up the 
chamber bottom round the iJottom of the pipes^ Hartm'hnn 
employed a number of such .shafts,^ x6 ft. wide, and thereby 
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obtained an increase in the production amounting to 20 per 
cent., viz. 09 to i-ocb.m. chamber-space per i-o kg. sulphur 
burned. [This is not particularly high.] 

Evers (Ger. P. 15 1723) describes an apparatus for mixing 
the gases, consisting of specially constructed tubes within the 
chambers. • 

E. IMau (Ger. P. 95083) injects a spray of cooled sulphuric 
acid into the first hot part of the lead chambers, in order to 
keep down thy temperature, and a spray of hot acid into the 
last part of the chambers where the ruction is sluggish and is 
to be revived in this manner. If the exit-gases thereby become 
too hot, they arc cooled b}' a spray of cold ^cid before entering 
the Gay-Lussac tower. 

Fromont(H. P.4861 of 1907; Ger. P. 191723), for the purpose 
of promoting the removal of the heat and thus condensing water 
or dilute acid, makes the walls of the chambers of corrugated 
sheets of lead, the metallic shine of which has been removed 
by producing a rough surface ; the chambers are moreover fitted 
with inward lead baffles, .soldered on perpendicularly to the 
face of the side. I'he roof of the chamber is for the same 
purpose shaped in an elliptical for/n, and inside the chambers 
diaphragms are arranged for increasing the surface. 

(). II. hdiel (Amer. P. 860968) describes lead chambers about 
three times as long as wide. The pipe coming from the Glover 
tower enters the end-wall of the first chamber in the centre of 
the width, about one-third of the height from the bottom, and 
inside the chamber it is conically contracted? At a lower level 
of the chamber end two pipes take the gases out and carry them 
into the next chamber, after having joined in a common pipe 
which ends conically within th^ second chamber, like the gas- 
pipe fiom the Glover tower. Precisely in the same way th» 
gases are taken out of the .second into the tln'rd chamber, and 
from thi^ into the Gay-Lussac tower, so that all this piping is 
located at one end of the chambers, only at different levels 
Steam.-pipes are arranged in the ccntref)f all the entrance pipes. 

A new" style of chambers has been introduced by Fred J. 
FaJdirig, 55 Broadway, New York (.Amer. P. 932771 of 1909; 
B. P. 26452 of 1909; Fr. P. 410556; Ger. P. 241509), about 
which l\p rq:)orts in W J/;;/. /., 1909, pp. 441 ef seg . ; and 
/. Soc. ChetiL I fid., 1909, 103-2. Starting from* considerations 
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as to the production of heat in the process and to the convection 
currents set up thereby, he employs onlyc^ne chamber (together 
with a cooler) of much greater height than had been attempted 
hitherto, up to 70 ft, with a horizontal section of 5Qx 50 ft., and 
he makes the following comparison of the surface area of lead 
(7 lb. per superficial foot in all cases) require^ for the same 
effect ; — 

(1) Chambers built, by himself near Pittsburg and in 
Tennessee. Capacity 175,000 cub. ft (495 2- 5^ cb.m.), 19,000 
sq. ft. 7 lb, lead = 66-5 stiort tons (1765 sq. met --60-3 15 met. 
tons). 

(2) C’hambers eil'cted by Dr Theodor Meyer’s tangential 
plan {supra, p. 622). Capacity 174,480 cub. ft., 31,412 sq. ft. 
7 lb. lead — 1 10 .short tons (2918 .sq. met = 9977 met. tons). 

(3) Ordinary horizontal chambers, 174,960 cub. ft = 32,004 
sq. ft 7 lb. lead =112 short tons (2973 inet. = loi -584 met 
tons). 

This shows a saving of about 40 per cent, of lead in high 
chambers of Falding’s system for the same cubic capacity and 
irrespective of the increased efficiency of chamber-space. It is 
true that in his system the gases leave the chambers too moi.st 
and too hot to permit their direct admission to the Gay-Lu.ssac 
towers, and they must be dried and cooled first ; but this can 
be done with much greater economy than by providing additional 
chamber-space. The results (juoted from actual work are very 
satisfactory ; there is no SO^ left over when the gases leave the 
chamber, and the consumption of nitrate is reasonably low. 
The ^avin*g in ground-space is about 60 per cent. The chambers 
arf erected on a slab of reinforced concrete, covered with J in. 
asphalt, perfectly smooth, in oilier to receive the bottom lead 
of the chamber. The framework consists of steel sidc-trus.ses 
with Z-bar posts, bolted to anchorage in concrete piers, and 
connected by angle-iron horizontal bars, which are cdnnectcd 
with the walls of the chamber by continuous horizontal lead 
straps, burned to the leaftl sides and clamped and bolted to the 
angle-iron girts in such manner that the angle-iron is 7 n contact 
with the strap only and does not touch the lead sheets. The 
roof trusses are connected by angle-iron joists. The framework 
is rigid and strong and affqrcjs easy access for repairs anej paint- 
ing ; it comes at no point in cofitactr with the chamber-lead. 
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The chain hcr-systcm consists of a cooler and a single high, 
tower-like chamber, igto which the reacting gases are introduced 
at the top, and from which they are tal*en away at the bottom. 
Tlie prr)[)orpon of height to the diameter is as 3 : 2. The 
gases go first through a Glover tower, then into the chamber, 
then into a si^iall cooling-chamber (als(.) entering at the top), 
and at last into a (iay-Lussac tower. The cooling-chamber and 
the Gay-Lussac are cooled by running water over them ; the 
large chamber is not coolcal, but sprayed with nitrous vitriol. 

IVdersen (X. Choii.^ 1911, p. 4 ^<So) compares the systems 

of L'alding and o( fh. Meyer {tnni^rfilid/ eJunnhers^ p. 622) as 
follows: — (i) d he production in h'aldin^’s chambers, for the 
same consumpticai of nitre, is greater than in Meyer’s chambers ; 
(2) 'fhe former reijuire only about half as much ground-space as 
the latter ; (3) 'I'hc action of the gases on the chamber-lead is 
much less in h'alding’s .system, where the gases descend uni- 
formlv’ in the chamber, than in Mever’s system, where they are 
as much as possible brought into contact with the chamber 
walls; (4) Much less lead is rc(|uircd by I'alding than by 
Meyer, as provecl by the figures given above. Petersen repeats 
his commendation of h'alding’s chamber against the remarks 
of I h, Meyer in Z. CheuL, 1911, p. 1520, codeni loco, 

p. 1 8 1 1 . 

lutcrjucdialc {^'Reaction'') Toiocrs, 

A further way for increasing the [)rodiiction of acid is the 
employment of .special uiixiu^ and coolin^^ loiocrs and columns 
between the chambers, even to the exclusion of all* chaijibers 
except a first and perhaps a last small chamber. These “inter- 
mediate ” or “ reaction ’’ towers«havc had the greatest success in 
diminishing the space for the production of sulphuric acid. 

One of the first attempts in this direction was the plan of 
Thy.ss (<fer. T. 30211), of which I have myself given a detailed 
description in Z. atigciv. C/icm., 1889, p. 265, abstracted in the 
second edition of this treatise, pp. 37;;! and 379. This system 
having completely broken down after a short trial, it may 
syffice to say that Thyss employed lead towers, provided 
with a number of perforated lead shelves over which the gas 
hfid to^ take a zigzag course. These towers were not fed with 
any liquid, and conseqgfntl)! they must have become very hot 



PLATE-T()W»RS 


057 


and could exert no coolinj^ action ; the draui^dit was very much 
impeded and the lead quickly corroded. Moreover, these 
towers cost twice as much as an ordinary chamber producing 
the same amount of acid. Still, although the Thyss columns 
were both an economic and a technical failure, they proved 
that even in that imperfect form an intimatCf mixture of the 
gases and their contact with solid surfaces considerably hasten 
the reaction. 

Much better elaborated was the plan of Sorel (I'r. T. of 
l8<S6; cf. his Fahricatiftn d'Acidc sulfuriquc, p. 398, and 

CJicui.^ 1889, p. 279). He proposed to start with a 
small chamber; frftm this the gases were to pass through 
cooling-pipes and then through two or three towers, where 
steam is also injected, while acid of 142 to 150" Tw. is running 
clown, the out-flowing acid not to fall below i 30 Vw, Although 
he was theit connected with one of the largest chemical works 
in the world, his proposal has never been tried on the large 
scale, probabl)' owing to constructive difficulties; moreover, 
his idea of employing acid for feeding the towers would 

rob the process of most of the advantages of the principle. 

LuHi^e's P/atc-towers. - -\X is probably generally (most 
recently again by Hartmann in Z. CJum., 191 i,p. 2303) 

recognised that the object in (|uestion was first fully accom- 
plished by my plaic-towcrs {Z. (nigczi\ f /nv;/., 1889, p. 3 ^ 5 ). 
which I endeavoured to combine all the principles hitherto 
rccogni.sed as paramount in the manufacture of sulphuric acid. 

In Chapter VI 1., wTien treating of the theory of the chamber- 
process, we shall see that I formulate this theory as follows: — 
Njtrous acid (or anhydride), or in the first part of the chambers 
nitric oxide, acts as carrier of'^atmospheric oxygen and water 
tipon sulphur dioxide, by which action nitro.sosulphuric acid is 
formed. This aciS, which for the most part at once dissolves in * 
the sulphuric acid already pre.sent, like this floats ab(fUt in the 
chamber in the shape of a fine mist. When coming into 
contact with water, or, which is probably the usual casq, with 
dilute sulphuric acid, a decomposition takes jdacc’by which 
sulphuric acid is formed, and all the nitvous acid is returned 
into the atmosphere of the chamber to recommence the above- 
described action. , * , * 

It is evident that all these ifcactbns require in the first 
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instance a most intimate and constantly renewed mixUire of 
all the «^^ases, vapourt^, and misty particles. In the ordinary 
large chambers a long course, a vast space, and a correspondingly 
long time are needed till the reactions are practically complete; 
that is, till nearly aH the SO., has been removed from the gases. 
If it were only the question of a mixture of gases and vapours, 
probably very much le.ss time and space would be required ; 
but as both the nitro.sosulphuric acid nnd the dilute sulphuric 
acid, which uni to act upon each other, are in the state of mist, 
that is, of minute liqind drops, they may travel for some distance 
side by side without coming into actual contact and reacting as 
they are intended to do. In many similar cases it has been 
found that simply mixing up the atmosphere in question is 
nothing like so efficient as presenting large so/iW (or liquid) 
sur/dCi's against which the gaseous current must strike in its 
progress. By the shock against these surfaces, and the loss of 
velocity thcrel)y incurred, and undoubtedly also by surface 
attraction, the misty particles which would otherwise float about 
for hours in the same state arc condensed on those surfaces in 
larger drops or films, and then the mutual reaction above 
described, leading to the splitting up of nitrososulphuric acid, 
will take place at once. h>om this we infer that we ought to 
arrange a number of large solid surfaces in the path of the 
gaseous current, in such manner that this current mu.st 
continually strike against them and be constantly broken up 
into small parts and mixed up again. (In^this respect Ward’s 
glass sheets, p. 649, running parallel with the gaseous current, 
were not properly dispo.sed.) • 

There is, however, another condition to be realised foi; a 
proper working of the chamEer-process. As we shall see 
further on, it is indispensable that the temperature of thb 
chamber he kept sufficiently low to condense the requisite 
quantity of aqueous vapour into liquid water or dilute acid, 
sufficient for decomposing the nitrososulphuric acid. As the 
reactions in progre-ss within the chefinbers produce a large 
quantity of heat, the process cannot go on without a portion of 
th%it heat being abstracted again, which in the ordinary system 
is done by radiation from the ^hamber sides. The separation 
of the whole chamber-space into several smaller chambers acts 
favourably in this respect, as\he ends of the cjiambers and the 
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connecting-pipes act as cooling-surfaces ; and Sorel (p. 657) 
actually proposed increasing this by arranging a set of cooling- 
pipes, which, however, would be nothing like sufficient for the 
purpose. My own plan is, however, different from anything pro- 
posed up to that time. I effect the necessary lowering of the 
temperature, not by radiation or convection to outer air, but 
from within by a shower of water or very dilute sulphuric acid. 
Thus several objects are attained at the same time. The 
temperature of the chamber atmosphere is reduced to a proper 
level, parts of its heat lleing spent in heating and vaporising 
water ; but this water is just what is required for carrying on 
the chamber-proces^ itself, and thus a saving is effected in the 
raising of steam for the purpose of suppl)’ing the vitriol- 
chambers ; I also supply this water in a finely divided form, 
and exactly where it is needed for meeting and decomposing 
the nitrososulphuric acid c<aidcnsing on the solid surfaces; and 
by this cooling I protect the apparatus employed against rapid 
deterioration, such as occurred in the Thyss plan (p. 656). 

The apparatus employed is the “ plate-column ” or “plate- 
tower,” invented by myself and patented in conjunction with the 
stoneware manufacturer Ludwig Rohrmann (B. Ps. 10355 of 
18S6; 10037 of 1887; 6989 of 1889). It originally consisted of a 
column of large stoneware cylinders, filled with the plates 
forming the peculiarity of the invention ; and this is the 
construction .still employed for nitric and hydrochloric acid (p. 
164); but for the purpose of sulphuric-acid manufacture it is 
constructed with a* leaden shell, a, of either round or angular 
section, a^d stoneware plates, b as shown in Figs. 201 and 
202. The plates are supported by bearers, c in such a way 
that each plate is independent •of the others, and presses only 
tipon the horizontal ledge of its own bearer, whilst the pressure 
of the superposed Opiates and bearers is sustained by the vertical 
part of the bearers. The latter are easily arranged -so as to 
protect the whole inner surface of the lead against the attack of 
the chemicals and the high temperature ruling within. VVe do 
not here notice such parts as the feeding arrangemt^nts, inlct- 
and outlet-pipes, and the like, which requiiie no special explana- 
tion; the feeding arrangement will be described in Chapter 
VI., in connection with the *t]ray-Lussac tower. ^ A special 
explanation is only necessary for the plates b b. Fig. 203 shows 
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, Each of these is*covered with a network- of small ledges, d d, 
and in each of the squares thus formed there is a perforation, 
e e, wUh q, somewhat raised maVg|fi. The height of this margin 
is not quite so great as.thafof the ledges, hence there is always 
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a layer of liquid about J in. deep in each of the squares ; and 
as there is always more liquid dropping in, the excess is forced 
out through the perforations drop by drop. The plates arc not 
identical in shape, but differ as to the position of the holes. To 
each perforation in any one plate there corresponds the point of 
union of the ledges in the plates above «ind belo^v (see Fig. 205). 
Hence the liquid cannot drop straight through the holes in the 
following plates, but it strikes the solid portion of the next plate, 
is scattered about, and is divided among the adjoining squares. 
This action is repeated from plate to plate. Thus the thin layer 
of liquid resting upon the plates and clinging to the holes is 
constantly renewed,'and by the scattering about of the li(|uid 
another absorbing surface is created. 

The gases and vapours rising within the tower pass through 
the numerous holes of the lowermost plate and are thus divided 
into a great number of fine jets. Immediately on issuing 
through the holes of this plate, they strike against the solid 
places in the next plate above, which correspond to the holes, 
and are thus divided and again mixed ; and this process is 
repeated as many times as there are plates provided. Whilst 
the gases and vapours thus travel upwards in continuously 
renewed mixtures, they come into the most intimate contact 
with the absorbing-liquid, which they meet within the narrow 
holes on the plates and scattered all over in fine drops. Hy the 
incessant changes in the direction of the current, and the equally 
incessant renewal of the .surface of the liquid, the most favourable 
conditions are produced for a mutual action of the gaseous and 
liquid substance.s. Owing to the principle of the apparatus, no 
false channels can exist in which the gases or liquids would travel 
separately without coming into prcjper contact with each other. 

♦ This circumstance partly accounts for the enormous 
difference in condensing-power between the “ plate-tower ” and 
a perfectly well-constructed and packed cokc-towcr,'’or any 
similar apparatus, fitted with pieces of pottery and the like. 
The liquid within a coke- 4 ower is never quite evenly distrib^ited ; 
there are always many places where it drops down a' consider- 
able height without meeting a piece of coke, and where, on the 
other hand, the gases find channels in which they can ascend 
without for some time getting mixed and coming ipto contact 
with liquid, ^foreover, the individual gas-channels are too 

2 U 
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wide, and the inner portion of the gaseous current does not 
enter into reaction wjfh the absorbing-Jiquid. This is unavoid- 
able, because the interstices between the pieces of coke are quite 
irre^Milar, an^l therefore the section of the tower must be made 
wide enouj^h and the pieces of coke large enough to secure a 
sufllciency of (^^aught for the worst case. Nor, as experience 
has (leinonstrated, have any arrangements of cylinders, pipes, or 
other pieces ol pottery hitherto had a, better effect than coke. 
Hence coke-towers must be made very wide and high, thus 
giving a long time and oorresponding«opportiinities for mixing 
the gases and enabling them to come into contact with the 
liquid ; and in this way the reaction is certainly very complete 
at the end. Hut this enormous enlargement of space can be 
avoided b)' the systematic way in which, in the plate-tower, the 
gaseous current is split up into upwards of a thousand very thin 
and exactly equal jets, which must continuall)' alter their direc- 
tion, and must therefore become thoroughly mixed each time 
they pass through a new j)late. On their way they come into 
the most intimate contact with constantly and .systematically 
renewed thin las ers of liquid. The network of ledges prevents 
any unequal downward passage of the licjuid, unlike the action 
of coke-towers or of any other hitherto known form of similar 
apparatus. Perhaps a still more important difference is the 
following: — There is a very thin and constantly renewed layer 
of liquid spread over each plate, and the gases, in passing 
through the perforations of the plate, must frequently break 
through the drops of li(|uid. This seems tc? produce an action 
somewhat similar to the Coffey still or other “ ^ectifj^ing” 
apparatus, and it may to a great extent explain why such an 
intense action takes place in so^mall a space. 

Owing to these advant<agcs, a plate-tower, in compariso*i 
with a co^^e-tower, docs from ten to twenty tunes as much work 
in the s?lmc cubic space. It can therefore be made not merely 
much smaller in section, but also much lower in height, and 
the ffeding-liquid requires corresponiiingly less pumping. A 
column df 40 plates would be only 18 ft. high. The above is 
a , comparison beUveen plate-towers and coke-towers; the 
difference between the former and empty chamber-space is 
much greijer, as we shall see.* ^ 

In our present casc#it is of special importance that the 
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injurious action exerted by the reducing power of coke upon 
he nitrous gases (p. 350J is avoided, the sfonewarc plates being 
absolutely stable in the chamber atmosphere if manufactured 
of proper quality. The plates, therefurc, last for ever; even if 
cracked they may still continue in use. 

When a plate-column is partly obstructed by fnuddy deposits, 
it is very easily cleaned out by a thorough flushing with water, 
or, in bad cases, by removing the cover and lifting out one plate 
after another. • 

Apart from the great constructive difference between the 
plate-towers and all ^Dreviously proposed apparatus, there is an 
equally great difference in their mode of application. If the 
tower were left to itself, like Ward’s or Thyss’s apparatus (pp. 
649 and 650), the very completeness of the mixture j)roduced 
therein would produce an intense chemical reaction, and, con- 
sequently, a very injurious development of heat. This is, how- 
ever, entirely avoided by feeding the towers with a stream of 
water or dilute sulphuric acid, at such a rate that, by the vapor- 
isation of water, the temperature does not rise above 70 or <So‘ . 
The intimate contact between ga.seous and liquid particles within 
the plate. tower must bring out the cooling action of the evapora- 
tion of water to its fullest extent, and at the same time the water 
required for the chemical reactions of the acid-making process 
is .supplied here without any previous production of steam or 
spray; the superfluous steam pa.s.ses over into the next chamber 
and does its work tl^ere. The acid running off at the bottom is 
either useij up as it i.s, or is run into one of the chambers, or it 
is employed for feeding the Gay-Lussac tower. 

,In plate-towers there will always be a great excess of 
nitrous gas and of oxygen ; hence there is very little fear that 
even when employing water for feeding them there will be the 
conditions present for the formation of nitrous oxide^ which 
would mean a waste of nitre. This can be avoiefed in any case 
by feeding the columns with sulphuric acid of 1-3 sp. gr. or 
upwards, since I have alfcady shown (/>Vr,, 1881, p.,2200; cf. 
suprh, p. 337) that in this case no N„0 whatever is formed. 
In practice such dilute acid or chamber-acid is emplo} cd f(jV 
feeding the columns. ^ 

The principaj advantage* of this system is thaf, like the 
Glover tower, it brii^gs about the mutual Action of the ingredients 
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within the smallest possible space. We shall see in Chapter VI. 
that I cub. ft. space ift the Glover towcf effects the formation of 
as much acid as at least i8o cub. ft. of ordinary chamber-space ; 
and a similar difference may be looked for between the latter 
and the plate-towers to be interposed between the chambers. 

We will lutw consider the question whether the thermal 
effects produced in that system are not excessively large or 
small. The heat of forming II.>SO^‘from S 0.^-|-0 + H20 is 
54,4CXD calorie*; to this mu.st be added the heat produced in 
the formation of ordinary chamber-acid, say of iio^’Tw., or 
ILSOp 311./)™ 1 1,100 calories; altogether 65,500 calories. 
This is the heat jjroduced in the formation of a quantity of 
chamber-acid corresponding to 9S g, of and it is very 

little more than would be required for converting 98 g. of cold 
water into .steam. This (juantity of water then would have to 
be evaporated within the tower in order to absorb all the heat 
produced in the acid-forming proce.ss, on condition that the 
acid must run out cold at the bottom and that the tower would 
lo.se no heat by radiation. But as the former condition is 
unnecessary, and the latter even impossible to maintain^ the 
quantity of water evaporated will be less than the weight of 
monohydrate produced, and will probably be very nearly equal 
to that required for the chamber-process, viz., three-quarters of 
that amount. Any deficiency of water could, of course, be 
made up by steam, probably best by means of an injector 
placed in the outlet-tube from the plate- to\^'er. 

As a practical way of applying the new s}’stem, I proposed 
from the first the following plan : — Considering that by far the 
greatest portion of the acid is made in the first part of J.he 
chamber, we cut off the back part altogether, and leave behind 
the Glover tower a chamber of only about 50 ft. length. Behind 
this we^place a plate-tower of siifificient section for the amount 
of gas to pass through and 40 plates high (say 18 ft). Then 
comes a small chamber, say 30 ft. long, again a plate-tower, a 
last chan\ber for drying the gases, aiK? in the end a plate-tower 
serving as Gay-Lussac tower. 

* The question rnight be raised why I did not propose to 
carry on the whole of the splphuric-acid-making process in 
plate-towfrs or similar apparatus. Put a glance at the curves 
shown in Chapter VI IV will show that th<i first part of the 
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first chamber is really very efficient, and whilst the gases arc 
of such concentration a ]ead chamber is possibly the cheapest 
apparatus for making sulphuric acid. As soon as the curves 
begin to bend towards the horizontal, that is, when«thc reactions 
become sluggish, it is time to liven them up by apparatus like 
the plate-towers. But if such were attempted it be used from 
the first, the heat would become excessive, which would be very 
injurious both to the matjcrial of the apparatus and to the process. 
For this reason the process proposed by riannayi(B. P. 12247 of 
1886, cf. Chapter XII.) is not likely to be practicall}’ successful. 

The first factory which ventured to try my plate-towers 
(which have become known as “ Lunge towers,” both in their 
application as intermediate “ reaction ” towers for the vitriol- 
chambers, and as replacing coke-towers for the recovery of 
nitrogen acids, for condensing hydrochloric acid, and so forth) 
was the old-established acid-works at Lukawetz, in I^ohemia, 
soon followed by a factory at Valencia, in Spain, both in 1891, 
and by others in various countries. Of course here and there 
difficulties were experienced, principally caused by the obstruc- 
tion of draught. Thus in Z, an^rciv. Chem., 1895, p. 407, P. W. 
Hofmann alluded to a trial which failed because the holes in 
the plates, 8 mm. bore, became filled with liquid and thus stopped 
the draught. I myself {ibid., p. 409) completely refuted this 
objection, mentioning that already about 200 plate-towers were 
then at work, most of them with even smaller holes, and a large 
number with 8 mjn.* holes, in sulphuric-acid works. These 
works hacj been very successful, as was authentically proved by 
the peplies to interrogations put to certain firms, which also 
shgw that, if the section of the tower is sufficiently large, no 
trouble is caused by draught of tfic kind mentioned by Hofmann. 
Since the principle of artificial draught by means of fan-blasts 
is becoming more and more applied to vitriol-chambers, the 
complaint against the plate-towers on the above ground is 
practically meaningless. 

The greatest develojJment of the plate-tower .system* took 
place when H. H, Niedenfiihr, chemical engineer of Berlin, 
took the matter in hand. He designeef and started mar;y 
chamber-plants on that system^ and studied all the conditions 
necessary for success, .so th^iUl .shall refer principally* to him in 
the following deseviption. 
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The part played by the Lunge towers in the manufacture 
of sulphuric acid has ^>ecn discussed aj length by Niedcnfiihr, 
in Chnn. ZeiL, 1S96, p 31. According to him, plate-towers 
are not very well adapted for replacing the whole of the 
ordinary vitriol-chambers ; the first part of the process is always 
best carried oiifrin a single lead chamber, as here the gases arc 
still sufficiently concentrated to react iij)on each other. [In this 
view, as well as in all other cssentiaV points of Niedenfiihr’s 
paper, I fully Qonciir.] 1 lerc also the flue-dust and the excessive 
ri.se of tem[)erature would act injurfously. Hence it is not 
advantageous to place a Lunge tower between the Glover tower 
and the first chamber, but it should be placed in the central or 
back [)art of the set of chambers. Even then the results 
obtained with these towers do and must differ at different 
works, according to circumstances, viz., the available chamber- 
.space, the draught, the size of the burners and of the connecting- 
pipes. of the (lay-Iaissac tower and so forth. In .some cases 
the working -capacity of the tower is partly taken up for 
correcting some fault in the set of chambers to which it has 
been applied. Niedcnfiihr (ju<»tcs the following special instances 
of the work done by Lunge towers, as personally observed by 
him in the cases stated. 

In one case, a Lunge tower was placed between the two 
chambers of a set, which were of equal size ; the total length of 
the set was 193 ft. 6 in. and its contents = 94,640 cub. ft The 
quantity of Sicilian sulphur burnt previou^sly did not exceed 
30 cwt. per twenty-four hours ; but after putting up tl^e tower it 
could be raised to 46 cwt., evidently because the time and the 
length of the path of the gases^had been thereby increased,, to 
such an extent that the set could be worked with stronger 
draught, and more sulphur could be burnt accordingly. In 
another cflse (4 chambers, total capacity 38,150 cub. ft., length 
78 ft. 6 ni.) the production could be increased from 15 to 18 cwt. 
of Sicilian sulphur per day. This means that some improve- 
ment* had been effected, but principally in this respect, that the 
previously observed fault, viz., the carrying forward of the 
process into the Gay-Lussac, was now avoided. In a similar 
case, the production rose from 16 to 19 cwt. of sulphur ; in both 
cases less ••nitre was consumed thajii previously. The towers 
thus spent part of their efficiency in correctii^ the faults of the 
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old plant, and this in many cases would be a very desirable 
object ; but the (luantitative results tihus obtained do not 
represent the whole of the working-capacity of the towers, 
which in some more favourable cases has admitted of increasing 
the production by 45 per cent. Nearly in every case observed 
by Niedenfuhr this capacity of the towers# had not been 
exhausted, for the chamber following upon the towers had 
hardly any more work to do; more work could have been done 
by increasing the number of the burners, by* enlarging the 
connecting-pipes, or by other suitable measures. The very low 
temperature of the back chambers in this case, however, is 
useful in condensing part of the nitrous gases and lightening 
the work of the Gay-Lussac tower, h'ormcrly the acid from the 
Lunge towers was .sometimes too nitrous, but this drawback 
has been avoided by feeding the towers with acid of from 38 
to 42 Be. (sp. gr. 1-357 to 1-410). 

The Lunge tower cannot be simply substituted for a Glover 
tower, as the holes of the plates would be too quickly stopped 
up by flue-dust, and in washing this down they would easily 
crack. Niedenfuhr, however, recommends placing a few tiers 
of plates with Lin. holes in the upper part of the Glover tower. 
Me quotes a case where a Lunge tower was found speciall)’ 
useful in completely denitrating chamber-acid required to be 
entirely free from nitrogen compound.s. \Cf. another case of 
special utility in Chapter VI.] 

Especially goodVesuIts have been obtained in a number of 
cases, personally observed by Niedenfuhr, where plate-towers 
were employed as auxiliaries to Gay-Lussac towers. They act 
njt merely in promoting the ab.sorption of the nitrous gases, 
but also in rendering the chamber-work much m(;re regular, 
especially in places where the chambers are subjected to sudden 
changes of weather, gales, etc. , 

Niedenfuhr in the above-quoted paper makes cerfain pro- 
posals for the erection of sulphuric-acid works, forming a com- 
bination of chambers anti plate-towers, which we do not. quote 
here, because they are rendered obsolete by recent e*xperience, 
the result of which will be noticed in •Chapter X., where# a 
complete plan for this purpose will be given. \Cf, also p. 676.] 

Liity {Z. an^ew. Chem.^ 1897, p. 484) also discus.‘ies at length 
the function of “ Lunge towers ” aS intermediate reaction-towers. 



670 rt)NSTRUCTION OF THE LEAD CHAMBERS 

He quotes the results of ten different works employing such 
towers between the .chambers as means for reducing the 
chambcr-s[)ace, from England, Scotland, Spain, Russia, Denmark, 
showing a hyge saving of space, without any increase m the 
consumption of nitre. He also gives detailed estimates showing 
that, apart from.the saving of ground-space, a set of chambers 
provided with such reaction-towers costs 35 per cent, less than 
ordinary chambers for the same production. 

Later on, ^'iedenfuhr {them, Zeit., 1H97, No. 20) quoted 
practical results from two hmglish vvorlvs. One of them replaced 
the last chamber of a set, with a capacity of 38,390 cub. ft., by 
a l.,unge tower of 256 plates in 16 layers, \^ith the same make 
as before. Here each plate actually made io-6 kg. H,S04 in 
twenty-four hours, or 2167 kg. per cubic metre of the space 
filled with plates, ‘^bout one hundred times as much as 

ordinary lead chambers. Another factory, with very poor 
gases, still made 88*3 kg. H.^SO^ per cubic metre of plate-space. 
[6/. also Z. aui^ew, tfiem.y 1900, p. 960.] 

Niedenfuhr (private communication) gives the following 
detailed instructions for the building of Lunge towers, taking, 
for instance, a tower of a sectional area of 20 plates, 2 ft. square 
each, placed 4x5. 

A brick foundation is usually made, but in ca.se of need the 
tower can be placed on the flooring surrounding the chambers, 
if properly supported. The leaden shell is erected, with its 
outer frame of wood and a lead bottom. On this a dwarf wall 
of 9-in. fire-bricks is placed all round the circumference, and a 
central supporting pillar. This wall supports an iron frame, 
consisting of one or more (in this case of six) pieces. The 
middle pillar supports the places where four of the six pieces 
meet. The iron frame is covered with lead, the joints being so 
arranged that the upper, bearing surface ‘remains free and 
smooth.' On this frame the stoneware bearers (Figs. 206-211) 
are placed. There are corner pieces, a, which carry one of the 
corners of the plate.s, the three othtrs being supported by 
T- pieces, * 7 ^, and cross-pieces, c. Between these pieces the 
longitudinal bearers* are placed along the lead sides of the 
tower. In order to prevent any shifting of the pieces, wedges 
are put in suitable places. * ^ 

Upon the frames thu^ prepared the Lun^e plates are put, 
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and after finishin" off one layer the parts forming the next 
frame are placed u4)on the correspriiiding cross- and angle- 
pieces, etc. The parts n, b, c are so chosen that there is a 
distance of, 2! in. between the single layers of plates. If a 
greater distance is desired, we place below the parts h, c 
other cross-, and angle-pieces, r,, 3* 14 in. high. 

According to the number of layers of bearing-pieces we 
designate the distance from plate tu plate as single, double, 
treble, (!tc. 'j'he tower in question has in its lower part lO layers 
at single distances and 6 layers with flouble distances. 

The top of the tower is made of lead, and is provided 
with a proper feeding arrangement. * 

If plate-towers are to be combined with existing systems, it 
is of course necessary to consider the place and level where the 
towers are to be erected, and their dimensions, in connection 
with the existing circumstances, so that it is difficult to lay 
down general rules. But where new plant is to be erected, 
long experience now admits of establishing certain rules. 

It is possible (as Mr Niedcnfiihr later on proposed) to replace 
the lead chambers altogether by Lunge towers, by taking care 
to erect the first part with as little loss of draught as possible, 
and to remove the heat of reaction to the necessary extent. This 
is done by making the reaction-towers, immefliat dy following 
the (ilover towers, of a wider section, and providing them with 
a very efTicient feeding arrangement. The last towers must be 
made narrower than corrcs()onds to the volume of gases passing 
through the first towers, .so as to exert a certain pressure on the 
gases which promotes the reaction, d'he plate distances iiv these 
final towers must be kept smaller than in the first towers. 

The horizontal sections oT Lunge towers may be chosen 
according to the following particulars 
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The number of layers for a given production is calculated 
as follows: — In the first ^hird of a system, •where the plates are 
at a treble distance from each other, each plate may be assumed 
to produce in twenty-four hours from lo to 12 kg. H*SOj ; in the 
second third, with double distances, each plate = 6 to S kg. 
in the last third, with single distances, 1*25 to 2 kg. 

Just as it is irrational to make a chamber-sy.stcm of one 
chamber only, which favours the diffusion of the inactive 
residual gases with the active ones, it would be^ wrong to try 
manufacturing with one*tower only, instead of dividing the 
work over several towers. 

Mr Niedenfiihr believes the following arrangement to be 
suitable for working with towers alone, without chambers 
(Figs. 212 and 213). The burner-gases pass through a into 



Fig. 213. 


a preliminary tower b, and through c into the fan-blastV, which 
conveys them through e to the denitrator / This apparatus is 
fed with nitrous vitriol and warm water or dilute acid so as to 
furnish acid of 5^"" F6. (= i Tw.). It also receives thq nitric 
acid required for m#. king up the los!?cs. * 4 t is packed like a Glover 
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tower, preferably with dish-like packing. Part of the acid 
here made is emplo>iL‘d for feeding tower b. This denitrating 
tower is constructed on the same principle as Niedenfuhr's 
ordinary Glover towers {cf. next Chapter), viz., with an interrup- 
tion of the packing intended to facilitate the cleaning of the 
bottom part, ai*d with sufficiently large openings for the passage 
of the gas. In tower b the acid with which it is fed is con- 
centrated, the gases are purified and jiiirtly cooled so that they 
may pa.ss through the fan-blast without any trouble. They 
effect the denitration in / and then f)ass through g.,, to the 
first plate-tower // ; pipes g^, g,., as well as the further pipes 
are provided with steam-pipes. Tower h is filled with 12 layers 
of 24 plates each in treble distances; tower k with 18 layers of 
20 plates each in double distance.s. In h and k the gases enter 
at the bottom and issue at the top ; but in the last reaction- 
tower m they enter at the top and leave it at the bottom through 
«, which arrangement has been found to give the best result. 
Tower m c(;ntains 30 layers of 12 plates each in single distances. 
The gases now pass into the first Gay-Lussac tower 0, contain- 
ing 16 layers of 9 plates each, then into the second Gay-Lussac />, 
packed with coke, and finally through q into the open air. 

The acid coming from the first Glover tower, b, is freed from 
most of its impurities by means of an air-cooler. 

The just-described .system would serve to treat the gases 
from 25a:) kg. — 2^ tons sulphur per diem. The production of 
acid would be divided as follows : — 
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If t(ie same production is to be attained by means of a 
combination of chambers and plate-towers, this can be done as 
shown in Figs. 214 and 215, • 

Fronl' the Glover tower, a, the gases pass into a lead 
<;hamber, containing 1064 cb.m. = about 38,000 cub. ft., 
provided with air-cooling shafts, r.,, {cf p. 653). In this 
case no fa.n-blast need be employed, but the ^ases must have a 
sufficient upward draught from the burners t^o the Glover tower 
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and from this to the chamber b. Now come the two plate- 
towers d and c. These, as well as tower a^inay be placed at a 
lower level, which is all fhe better for the work. The Lunge 
tower d contains 20 layers of 20 plates each in doubje distances, 
tower c 30 layers of 12 plates each in single distances. At 
the gases are passed in at the bottom and out ^t the top, and 



' Fig. 215. 

then through /into the first Gay-Lus.sac tower (a plate-tower) 
into the coke-packed Gay-Lussac /;, and through f into the open 
air. The production will be approximately divided as follows : — 

Chamber 1024 cb.m, at 275 2926 kg. H^SOj. 

Tower i/, 400 plates at 7 kg. . . — 2'Soo „ „ 

, „ 360 „ at 1-15 kg. . -- O30 „ „ 

Glover anti Gay-Lussac Tow'ers . 844 „ „ 


Total . 


7200 
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In a similar way larger systems can be constructed with one 
chamber and a siiitai)le number of Lunge towers. Mr Xieden- 
fuhr would not even for the largest systems propose in<jre than 
two chamb(,Ts, j)lacing between them a ver)- u ide plate tower 
with great distances, and behind the second chamber all the 
remaining towers. In Chapter X. com[)Iete plans will be 
given for such a cotnbination. 

In order to apply the lainge tr)wer.s to existing s)'stcms, for 
the purpose yf increasing the production, the circumstances of 
each case must be critically considerefl in the light of the large 
expel ience now gained. It will usually bt* bc'st to place the 
towers behind the last chamber. The horizontal .section uf the 
towers can be calculated from the last column of the table given 
on p. G/y ; in the case of very large .systems from the second 
and the last column; with good draught the plates should be 
kept at single or double distance.s. 

If, however, plate-towers are to be placed existing 

chambers, all the cotidilioiis of the sy.slem must be carefully 
considered according to the experience gained therewith. 
Above all, the towers in large .systems should not be arranged 
just after the front chamber, but between the back chambers. 

I he horizontal .sections, the |)laces in the system, etc., must be 
calculated according to the general instructions given above. If 
wc were, for instance, to pkice a Lunge tower between No. I. 
and No. II, in a system of four chambers, the last three 
chambers wouki do very little work, it will be much better to 
place the tower betweeti No.s. III. and IV. or behind No. IV. 

Mr Niedenfiihr thinks that, in view of the considiirable 
saving of expense ellected by these improvements of j.hc 
ordinary chamber-process, thc 7 :ontact systems cannot compete 
with the former in the production of acid up to 142 Tw., and 
their sup^u ioi ity comes in only for acids above that strength. 

A \\ry instructive plant was erected by Mr Niedenfiihr 
at the “Laz)duittc” works. The chamber-system consisted 
origiiiall>M)f four chambers, with a toinl capacity of ;iio cb.m. 

( = 250,0(^3 cub. ft.), and three Glover towers, two of which were 
4jways working at the same time. In 1900, working with zinc- 
blende and “forced style” (p. 639), this set produced on an 
avcrajre 25.580 kg. acid of 5o 'H0.*(i9r/ Tw.)per twenty-four hours, 
with a consumption of 3C3 nttric acid 36 Ikiper cent, sulphuric’ 
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acid. In 1901 four Lunge towers were erected behind the last 
chamber, viz. : No. I. 12 layers at 20 plat(^, double distances; 
No. II. 16 layers at 20 pfates, partly single, partly double dis- 
tances; No. III. 25 layers at 16 plates, single distances ; No. IV. 
(acting as a first Gay-Lussac tower) 18 la\'ers at 25 plates, single 
distances. The production now ro.se to 36,458 kg.fucid of 50' He., 
consuming 1-90 per cent, nitric acid 36*' He. per cent. .sul()huric 
acid. Evidently the planjt was not working u|) to its full capa- 
city, but as there was not enough draught, a fan-bkyjt was placed 
behind tower No. IV. Tlfc production of acid rose at once, but 
during a few da) s also the consumption of nitric acid (to 476 
acid 36' He. per cent.). When, by a number of tests, the draught 
had been properly regulated (although not to the fullest pos- 
sible extent, since there was onl)’ a temporary source of power 
for the fan-blast, to be replaced by a better engine at the first 
opportunity), the j)roduclion rose permanently to 44,6cx:) kg. 
acid of He., with a consumption of only 17 percent, nitric 
acid 36 He. This, for Upper Silesian zinc-ores, is a most excel- 
lent result, both as to production of acid and saving of nitre. 
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The above estimations of temperature and manometric^ 
pressure, made with this .system, after the erection of the plate- 
towers, at three specified time^ (viz., before and ^fter the 
increase bf draught Vy means of the? fan J^last), are quoted here 
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for the sake of indicating their connection with the above- 
mentioned alterations, but we shall later on describe the regula- 
tion of temperature and draught of charnber-systeins. 

Other on the Oriui iple of Plote-toioers. — After the 

success of the principle embodied in the “ [)late-towcrs ” had 
been thoroughly established, it was only natural that other 
inventors slnnild try, more or less successfully, to attain the 
same end by other means, not coyiing under the Lunge- 
Rohrmann pjitents. d'his was all the more likely, as the price 
of the “plates" and the fittings belonging to them was at first 
rather high, owing to the technical difficulties of their manu- 
facture. Since these difficulties have been entirely overcome, 
the price of tlie plates, etc., has been so ver)- much reduced that 
most of the imitations have lost even an\' advantage in respect 
of first cost, apart from their inferior efficienc)'. 1 shall, how- 
ever, quote all the more important of these imitations. 

One of the objects aimed at by some of the iiivcntions 
concerned is to avoid any impediment to the draught, for which 
the plate-towers are .sometimes blamed. As we have seen 
(p. 677), this objection is of no account in view of the ease with 
which the chamber-draught can be regulated by fan-blasts, and 
it should be borne in mind that the efficiency of an apparatus 
of this kind is practically proportionate precisely to its draught- 
impeding capacity. 

Hacker and Gilchrist (B. V. 15895 of 1S93) employ the same 
principle that I have adopted in the “ plate-towers," to which 
they expressly refer. Instead of my geometrically constructed 
stoneware plates for dividing the gases, the liquid acid, jMid the 
acid vapour, they use a number of horizontal lead ti^bes, 
running from one side of the fower to the other and alternating 
in position. These towers, w hich they call “ pipe-towers," are 
fed witlj water or sulphuric acid ; cold air is drawn or blown 
throu^i the pipes. A paper in /. Soi\ Chon. Ind,, 1894, p. 1 142, 
contains a detailed account of this system, in discussing which 
several speakers threw great doubt^up^m its efficiency. This 
is hardly* just, as the introduction of these “pipe-towers" into 
jnany American factories seems to show. They cannot possibly 
do as much w^ork as “ platc-columns ” of the same size, but 
undopbte^lly they are of some yse. Another paper on these 
towers was published i« /. 5 cv. Chem. /wf/.,V899, P- 46 contain- 
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ing some improvements in details. The success of this system 
as intermediate towers b^ween the chambCrs is the best proof 
of the correctness of the principles wliich led me to the construc- 
tion and application of the “ plate-columns,” of which the “ pipe- 
towers” are an imperfect imitation, made of a material liable 
to corrosion instead of indestructible stonewafe. A similar 
plan is that of Winsloe and Hart (B. 1 \ 20142 of 1901), who 
employ perpendicular aii^cooling pipes in a shaft connecting 
two chambers. ^ • 

Hart and Bailey (/. Soc. Chcin. hid., 1903, p. 473) describe 
a plan exactly simiky* to Hacker and Gilchrist's pijjc-towers, 
only of somewhat larger dimensions. They found a cooling- 
action of nearly 40^" C., an increase of production of 60 per 
cent., and a decrease of nitre of from 3-5 down to almo.st 2 0 
per cent. All this agrees perfectly with the views first clearly 
stated by the author of this book. The acid scrubbed out in 
their pipe-towers contained practically no nitre. [They state 
the strength of this acid to vary between 90 and 120 'I'w., but 
they do not distinguish between the reactions shown by the 
lower and the higher of these strengths. While at the lower 
strength no “ nitre ” could be retained, it is inconceivable that 
acid of 120'" Tw., conden.sed from the vesicular to the completely 
liquid state in an atmosphere of nitrous fumes, slujuld not 
contain any nitre !] 

Rabe {Z. angeiv. Chevi., 1903, p. 437) makes general observa- 
tions on the principles on which tenvers are constructed. He 
also describx^s a feeding-arrangement with automatic movement 
and arrangements for internal cooling of such towers. 

Benker (Fr. P. 238872) places between the chambers leaden 
towers, 5 ft. wide and 20 or 25 ft. high, fitted with earthenware 
cylinders 4 in. wide and 3 to 4 in. high. Thc.se arc fed with nitrous 
vitriol from the Gay-Lussac towers at the top, and with j^sjteam- 
jet at the bottom. The strength of the out-flowing acid is 
maintained between 112" and 123'’ Tw. ; it is kept a little 
nitrous, to avoid the reduction going too far. Such a |ower is 
placed behind the first chamber, which is made large enough to 
consume all the steam coming from the Glover tower; another* 
tower is placed between the secon/i and third chambers. — This 
is, of course, a simple imitatiorf of Lunee towers by cheap, but 
imperfect means. 
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Guttmann (Ger. P. 91815) recommends as a “packing” for 
reaction -towers [)err8rated globular bc^dies made of earthenware, 
glass, or metal. As shown in Fig. 316, the perforations are 
continued mto short pipes turning into the inside of the globe. 
These bodies may also be undulated inside and outside, to 

increase the acting surface. 
They can be put into the 
tower without any special 
care in packing. The liquid 
runs down both inside and 
outsid^, and the gases are 
well mixed. 

Nicdenfiihr objects to 
hollow balls on the .system of 
Guttmann and others, becau.se, firstly, most of the perforations 
get closed up when filling the tower ; secondly, the gases are 
sure to take the easier way round the balls, instead of forcing 
their way with increased friction into the interior, and whatever 
does enter the balls will remain there for an indefinite time 
without taking part in the rcaction.s. 

Heinz (Z, C/icm., 1906, p. 705) considers Guttmann's 

globes to be the bc.st possible packing for Ga>’-Lussac and for 
the upper part of the Glover (in the lower part of the Glover 
they arc too quickly stopped up by mud)*; also for intermediate 
towers. According to his calculations they cost only one-fifth 
of “plates,” and a Guttmann tower cosjs less than half of a 
coke-tower of equal duty. 

Lunge {ibid., p. 1 125) controverts the calculations of'Heinz, 
which are made entirely on j^aper, without any regard to the 
complicated conditions ruling in practice. 

Another kind of reaction-apparatus consists of the 'Kegel- 
tiirme •(cone-towers) of the Bettenhausen ceramic works. They 
arc filled with slightly conical bodies, open at the bottom and 
provided with a shallow basin at the top. Niedenfuhr {Chem, 
j897, No. 20) says that thej^ are much less active in 
dividing the gas than Lunge plates (only from 14 to 138 times 
• per square metre* against 2400 times in the case of Lunge 
plates), that they contain less than half the acid-covered surface, 
and.tha* the hollow space fs altogether a, mistake, since the 
gases will stagnate in^theA. Luty (eod. ibc.) also criticises the 



Fig. 216. 
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Bettenhausen cones adversely. We shall refer to them again 
in the next and also in Chapter XII. •in connection with 
the Gay-Lussac and Glover towers. 

Cellariiis (Ger. P. 166745), with the special object of separat- 
ing the sulphuric acid already formed from the chamber-gases, 
places between the first and second chamber a* leaden tower, 
packed with coke, in which a vortex is produced by means 
of a fan placed in the tower and set into motion by a jet of 
steam. The same object is aimed at in his Bf J*. 22080 of 
1905, and his Fr. P. 360(^34. In Ger. P. 183097 he improves 
that process by emplgying two concentric cylinders, connected 
by horizontal perforated partitions, through which the ga.ses 
are propelled and where they meet the condensed acid flowing 
down. They are thus purified from acid-fog and dust. 

Schwab and II. Greene & Sons (H. P. 24619 of 1903) employ 
mixing-towers, communicating with the chamber at top and 
bottom. Hy means of steam jets and the way of arranging 
the inlet of gases the pressure in the up|)cr part of the tower 
is decreased, so that the circulation of the gases is promoted. 
In long chambers one or more vertical shafts are arranged, 
with a steam jet, discharging horizontally at the lower end 
of the shaft, towards the outlet end of the chamber. 

Olga Niedenfiihr (Ger. Ps. 189238 and 189330) employs re- 
action towers or chambers, in which the gases travel from the 
top downwards parallel to the feeding-liquid, which keeps them 
a longer time in the sphere of reaction. The entrance openings 
for the ga^es are arranged in the centre, or symmetrically in 
the top of the reaction space, and the exit openings in a similar 
waj*. 

The same inventor (Ger, P. 189834) dc.scribes a round acid 
chamber in which spiral diaphragms are arranged. The gases 
are conducted either from the centre outwards, or in the^^pposite 
direction, in a spiral course. The spiral diaphragms are built 
of perforated bricks, preferably in the shape of “ Meissen " 
dishes, which are separated by a horizontal diaphr,^^m into 
an upper and lower part. 

The same (Ger. P. 200820) proposes * placing a certairf 
number of j;;W/ chambers in th^ centre, and the Glover, Gay- 
Lussac, and reaction towers irt an outer circle. The gases may 
be first passed through the towers and then into the centrally- 
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placed chambers. The velocity of the gases is thus lessened 
in the central parf and increased ^)utside, and a thorough 
mixture is effected. The inner portion is less cooled by radia- 
tion, atid a Very intense reaction takes {)lace there. 

Hrandenbnrg (B. B. 7116 ef 1907) describes apparatus in 
which the gases are kept in suspension by centrifugal force in 
order to reduce the pressure against the rising gases. 

VVilhelini ((ier. B. 184842) descriljes towers, very similar in 
principle to* the plate-towers iZ. (ini^no. Chcin., 1911, pp. 
975 to 978). 

Lihme and the Grasselli ('heinical Qo. (.Amer. B. 852390) 
in lieu of intermediate towers, place between the chambers 
horizontal lead lines, with a large number of lead pipes, open 
at top and bottom, passed through them in a vertical position, 
each row being .separated by vertical grids from the other. 
The a.scending current of air cools the gases and vapours 
passing through the flue, and a strong formation of sulphuric 
acid takes ()lace on the walls of the pipes placed within. 

The B. B. of Graham (6051 of 1902) comes just to the 
same thing. The same inventor (B. B. 10814 of 1906) patents 
columns with cro.ss-picces of glass and earthenware, baffle 
plates, etc, in lieu of coke packing. 

Moscicki (Ger. B. 236385) prescribes working reaction- 
towers in such manner that a large quantit)’ of liquid, say 
from 6 to 12 per cent, of the cubical contents of the space 
filled with packing, is run in at once, ^o that the packing 
is intermediately completely covered by it and .thoroughly 
washed. His Ger. P. 234259 describes apparatus consisting of 
three concentric spaces; the central space serves for introducing 
the gases, the second space is filled with the packing, and the 
outer space serves for the collection of the gases and vapours 
after khb reaction has taken place. 

Jos. Broome holds the Amer. B. 850517 for a special kind 
of reaction-tower. 

Feigensohn (Chem. Zeit., 1906, p.*85i) recommends as inter- 
mediate towers round lead towers packed with stoneware rings ; 
•in front of the Gay-Lussac towers there should be a gas-cooler, 
made of undulated sheet lead, and behind them Lunge’s plate- 
towets. * . * * * 

Compare also in Chapter VI. the descriptions of packing 
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for Glover towers, partly designed, especially also for the 
“reaction-towers” here treated. 

Replacing the Lead-chambers entirely by other Apparatus, Toioers, 
etc,, retaining the Oxidation of Sulphur-dioxide by Nitrogen 
Oxides. « 

After all that has been stated on the possibility of carrying 
out the manufacture of sujphuric acid by the ordinary reaction 
where nitrous gases are the oxygen carriers, but in a much 
smaller space than it is done in lead-chambers, the question 
naturally arises whether the lead-chambers cannot be completely 
replaced by apparatus of greatly reduced cubic space. We 
have already more than once mentioned proposals in that 
direction, especially on p. 672, which were caused by the success 
of the plate-towers. iiut long before this, inventors had 
attempted to abolish the lead-chambers. We now enumerate 
the proposals made in this direction in former and in recent 
times. 

MacDougal and Rawson ( 15 . l\ of 21st November 1848) 
conduct sulphur dioxide and air through nitric acid contained 
in a VVoulfe’s bottle, in which sulphuric acid and nitrogen 
peroxide are generated; the latter, with the air in excess, 
passes through several ves.sels filled with water, in which the 
nitric acid is regenerated. 

Hunt (Ih P. of i6th August 1853) conveys a mixture of 
sulphur dioxide and air through a tower filled with pebbles, in 
which nitrous vitriol continuously trickles down. This principle 
had already been proposed by Gay-Lussac ; and it is actually 
carrjpd out in the Glover towers, so far as it is practicable — 
that is, by conducting the escaping ga.ses into lead-chambers. 

Per.soz {Technologiste, xvii. p. 461; Dingl. poly t. J., cxxxix. 
p. 427; Wagner’s jahresber,, 1856, p. 54) passes sulphur^lioxide 
through nitric acid diluted with f^rom 4 to 6 vols. ofVater, 
and heated to 100'’ C, or through a mixture of nitric acid or a 
nitrate with hydrochloric acid, in a comparatively small glass 
or stoneware vessel, promoting contact by an agitator. The 
gases generated by the reduction of the nifric acid ascend in* 
condensing-towers, where they arc regenerated into nitric acid 
by an a.scending current of ais and a descending jettof \vater. 
The sulphur dioxide might even be*dilu<ed with carbonic acid, 
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nitrogen, or other gases. In theory this process is right enough ; 
in practice it is said to have failed, priycipally from the difficulty 
of constructing vessels suitable fur resisting the acids (?). 

VcrstraQt’s tubular apparatus (/>////, Soc. cf Ihtconragevient^ 
1865, p. 531 ; Ditigl. polyt. J., clxxix. p. 63 ; Wagner’s Jahresber., 
1865, p. 226) has been mentioned previously (p. 652). The 
Jury Report of 1851 asserted that similar stoneware vessels, 
constructed by h'ouche-Lepelletier, wore at work at Javel, near 
Paris, and tliftt in that factory one-third of the annual make of 
3600 tons was produced in them, vvith one-third of the cubic 
contents and at one-eighth of the cost of^lead-chambers. This 
assertion has been proved to be entirely erroneous by original 
correspondence in Hofmann’s Report by the furies, 1862, p. 8. 

Lardani’s apparatus {Ru/L Soe. Chiui., viii. p. 295 ; Chem. 
hews, 1868, No. 441, p. 238) has also been described above 
(p. 652); it exemplifies no essentially novel principle. 

Kuhlmann (R. P. of iith December 1850) [)roposed to force a 
mixture of sulphuretted hydrogen (from soda-waste) and air 
through nitric acid, by which nearly all the sulphur was said to 
be oxidised to sulphuric acid ; this is, hou'ever, not the case. 

Petrie (B. P. of nth August i860) employs a system of 
stoneware pipes filled with pebbles, through which a current of 
nitric acid pas.scs from one side, and a current of SO., and air 
from the other, the quantities of the materials and the con- 
struction of the apparatus being arranged in such a manner as 
to avoid any loss of nitric acid. 

Finch and W. J. and S. Willoughby (B. 1 ’. 3086 of j 884) pump 
a mixture of burner-gases, nitrous fumes, and steam «into a 
lower, where they are subjected to a certain amount of pre.\sure, 
in order to facilitate their combination. The escaping gases 
pass forw'ard into other similar towers, and at last through 
a Gay-Lus.sac column. 

\\^ Burns (B. P. 1.1441 of 1886) also seeks to promote the 
combination of the gases by pressure, together with a peculiar 
kind of^ agitation, in an ingeniously devised, but hardly 
practicable apparatus. 

• Hannay (B. P.* 12247 passes the sulphurous and 

nitrous gases through a condensing-tower, where they become 
minutely subdivided and thoroughly’ mixed Ijy passing through 
screens, which arc ke{)t rrToistened by a' continual stream of 
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water trickling on them, the process being repeated until the 
solution of sulphuric acid formed acquires sufficient strength, 
when it is drawn off and a fresh supply of water is run into the 
apparatus. 

A. and L, Q. Brin (B. P. 12070 of 1886) burn pyrites with pure 
oxygen, and convert the mixture of SO.^ and Ok into sulphuric 
acid by means of nitrous fumes. A special apparatus for this 
purpose is contained in^ my own B. P. 3166 of 1888, which, 
however, was only taken to cover the ground, ^the principal 
object of my invention •being the production of sulphuric 
anhydride, for which, as it then appeared, the cost of pure 
oxygen might be fnore easily afforded than for ordinary 
sulphuric acid. 

Durand, Huguenin, & Co. (Fr. P. 205589 of 9th May 1890) 
pass a mixture of sulphur dioxide and air through tanks, 
charged with nitric acid or solutions of nitrous products, 
alternating with condensing-towers. The liquids are made 
to flow systematically through the apparatus in such a manner 
that at last concentrated sulphuric acid, free from nitric or 
nitrous acid, is obtained. The above-mentioned ga.seous 
mixture is produced by passing compressed air into sulphur- 
or pyrites-burners, thus also obtaining the pressure neccssar)' 
for forcing the gas through the liquids contained in the tanks. 

Barbicr’s apparatus for manufacturing sulphuric acid (B. P. 
12726 of 1892; Ger. P. 69501) consists of six towers, arranged 
in steps, packed with ‘hollow pieces of sandstone, quartz, or the 
like. Burner-gas enters the bottom tower and passes through 
them, all. Tlie towers are connected alternately at top and 
bottom; the last serves as a Gay-Lussac. Nitrous vapours 
and steam are introduced from Jl concentrating-pan fired from 
without. The acid formed in the towers drops into concentrating- 
pans placed below their open bottoms, or into a collecting- 
vessel. They are fed with a mixture of sulphuric and nitric 
acid, if necessary also with steam. Private reports concerning 
Barbier’s apparatus complain of an excessive consumption of 
nitric acid and also obstructions. The high royalty *aplso acted 
as a check upon experiments with it. Candiani {Chem, Ind., 
1-895, P* 153) remarks that the only Italian factory which had 
introduced Barbier’s process^ (Yillafranca) had not ^ been very 
successful with it. Boissieu {^BuU. Chun. (3), xi. p. 726) 
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asserts that the Barbier system has answered very well, but he 
unfortunately does iiot quote any figures or other proofs for 
this assertion ; Pierron {Monit. Scient.^ 1900, p. 367) reports 
authentically that it has been entirely abandoned. 

Staub (B. P. 12675 of 1894) describes a set of five towers, 
packed with *|jecially moulded earthenware pieces, and fed 
with nitric acid, nitrous vitriol, etc. Staub’s apparatus does 
not differ in any es.sential point from, the principle of making 
sulphuric acjfl by towers alone, without lead-chambers, as 
attempted by a number of inventors l^efore him. His strange 
contention that he was entitled to a patent for that principle^ 
because he had been the first to carry *it out by a special 
apparatus, was rejected by the German Imperial Court and his 
Ger. P. 88784 cancelled. Moreover, that apparatus which he had 
set up in 1895 Stolberg and in 1896 at Wittenberg was worked 
only (luring a very short time, and then stoj)pcd on account of 
bad results and of extremely high consumption of nitre. 

Hartmann (Z. CJu'w,, 1911, p. 2303) confirms this 

from his own observation. The temperature of the towers 
was much too high ; the consumption of nitre came up to 
10 to 14 lb. acid of 36 ' Be. per 100 chamber acid, and the dark 
red colour of the chimney gases testified to the escape of 
nitrogen oxide.s. 

M. Neumann (Ger. P. 16(9729) makes sulphuric acid in a 
series of towers, like Glover towers, fed with nitrous sulphuric 
acid, containing a cooling-zone in the upper part and a heating- 
zone in the lower part, the temperature {icing made to rise 
as the percentage of SO. decreases. This process fs claimed 
to effect a considerable saving of reaction space and of nitre. 

Heinz and Chase (Amer. P.* 875(909) pass the burner-gases 
first through a Glover tower, then through flues, where steam 
and nitrii; acid arc admitted and part of the sulphuric acid is 
made; 'after drying and purifying, the gases pass through a 
contact apparatus and then through a Gay-Lussac tower. 

Rahtjen brings gases containing SO., nitrogen oxides, and 
water in file shape of steam or spray to mutual action in closed 
spaces at temperatures considerably above 100”, so regulated 
that the acid produced contains at least 78 per cent, preferably 
98 per cent H.,SO^. The appafatqs consists of iron, lined with 
acid-proof material. 
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The Chemische Fabrik Griesheim-EIcktron (Ger. P. 226610) 
have found that the chambers can be entirely replaced by 
towers, provided that there is such an oxidation of SOo that 
none of it can get into the nitre-recovery towers, which is 
brought about by introducing an excess of nitric acid. Differ- 
ently from other tower systems, the formation sulphuric acid 
is locally separated from that of nitric acid. It has also been 
found that the complete oxidation of nitrogen oxides to HNO., 
requires a certain time, on account of the great ^dilution with 
inert gases; at least four*minutes, so that a pyrites-burner of a 
capacity of 10 tons and yielding 40 cb.m, burner-ga.ses per 
minute must be furnished with a nitre-recovery apparatus of 
at least 160 cb.m, capacity. This .system is carried out as 
follows : — The pyrites-burner gases pass first through a Glover 
tower and then into the oxidising towers, fed with nitric acid 
30° to 35 He., where the SO.j is almost instantaneously oxidi.sed. 
From the towers runs an acid containing 50 to 54 per cent. 
HgSOj and about f per ccfit. HNO.,, which is brought back to 
the Glover for complete denitration and concentration. From 
the oxidising-towers the gases pass through several towers, fed 
with mixtures of nitric and sulphuric acid of various concentra- 
tion, and here nitric acid of a quality suitable for the process is 
recovered. For working up the SO.^ from burners charged with 
10 tons pyrites only 200 cb.m, of total reaction space is required, 
viz., 30 cb.m, for the oxidation of the SO^ and 170 for the 
recovery of the nitric acid. Their additional Ger. P. 229565 
prescribes working at temperatures of 35" to 65 . Above 65"' 
part /:>f the nitric acid distils off without having acted as 
oxjcliscr, and below 35' the reaction goes on too slowly. This 
regulation of temperature is mosi; easily attained by employing 
acid of about 50 for feeding the oxidising towers. Their 
B. P.S. are Nos. 20401 and 23442 of 1909; Belg. P.^ 218994 
and 219727 ; Fr. P. 406641 and addition ; Ital. P. 37914 * Austr. 
Ps. appl. A 66331 and 74991 ; Norw. Ps. 20774 and 25381 ; 
Swed. Ps. 29988 and 3«)825 ; Spain Ps. 46267 and 46459 ; 
Austral. P. 17739; applications made in Russia and iht United 
States, The process is actually working at Griesheim. SpeciaJ 
advantages of it are : that the concentration of the SOg gases 
need not (as is the case in bo^h*the chamber- and cojitact- 
process) be confined to very narrovf limits, but may vary within 
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very wide limits; that acids of higher concentration than is 
possible with the ch^^mber-system arc^ obtained ; and that the 
nitric acid cmplo)'cd is recovered as such, which means as the 
highest anfj most active oxygen compound of nitrogen. 
According to llasenclever (Ilurter Memorial Lecture, 25th 
(October 1911 ; •/. S<h\ Chciii. fiid., 1911, jx 1292) the Griesheim 
process at that time had not \et reached such a stage of 
development as to allow a definite opiipon upon it to be formed 
{cf. below on ^he Opl system). 

'I'he Krste Ocsterreichischc SodafAbrik at Hruschau and C. 
Opl (H. If 201 71 of 190S; h'r. If 394739; Ger. P. 217036) 
describe an arrangement for [iroducing sulphuric acid without 
chambers, on which ( ){)1 re[)orts in Z. Chcni., 1909, 

pp. 19O1 t't scij. lie .started on the well-known thcor}' that the 
chamber process for producing sulphuric acid may be considered 
as a contact process in w'hich nitr(xsosulphuric acid acts as 
catal}'ser for the combination of SO.,, O, and 1 I., 0 . On testing 
this thcor)' by a set of three washing-bottles, two of which were 
charged with nitrous vitriol, and the third with sul|)huric acid 
of 60" He., and through which p\ rites-burner gases, that is SO,,-f 
excess of O (and N), were conductcai, it was found that, on 
effecting the pa.ssage slowly, all the SO., was oxidised and 
retained, and only the excess of 0 and all N went away. 
After a certain time, the nitrous vitriol in the first bottle was 
completely denitrated, and the third bottle contained newly- 
formed nitrous vitriol. By taking out the contents of the first 
bottle, j)utting in those of the third bottle, *and recharging this 
with the acid taken out of the first bottle, the proces.s coujd be 
started again. On a large scale this might be carried out in 
iron or leaden ves.sels, and Opl calculated that in such vessels, 
arranged like those emplo)ed in Chancefs sulphur-recovery 
process (,Vol. 11 ., pp. 943 ct scq\ i cb.m, of nitrous vitriol would 
produce as much sulphuric acid as 100 cb.m, of chamber space. 
Hut on the large scale that system would suffer under the 
drawback that the burner-gases woulil have to be compressed 
and foretd through the nitrous vitriol, which would require an 
gxcessive amount of moving-power. If, however, the system is 
carried out in “reaction towers,” ten times the size of the 
wash-bottles will suffice, with ntucji Jess expenditure of moving 
power for the gases and^for pumping the a^id on the top of the 
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towers. And if the acid is raised by “ emulsioners on the 
system of Laurent, wo^rked partly witl^ compressed pyrites- 
burner gases, part of the SO^ is already oxidised in the 
emulsioners, and the output of sulphuric acid is, still greater. 
The first experimental plant according to this system, erected 
at Hruschau (Austrian Silesia), consisted of fVvx* towers, com- 
posed of stoneware pipes 33 in. wide, 10 ft. high. The.sc towers 
were first left empty, buj: it was .soon found necessary to provide 
them with suitable packing, d'hc second test \^is made with 
the Glover and Gay-Lu 5 sac towers of an old chamber set, to 
which two new towers were added, d'his set had then (in 
September 1909) been at work for two years, working up 6 
tons of Schmollnitz pyrites per diem and producing 7 tons, 
16 cwt. of acid of 66 He., in the shape of acid of 60 1 L‘ , with 
a daily consumption of 70 to 90 kg. nitric acid 36 He. This 
.system has a reaction space of about 250 cb.m., /.r., about 
one-tenth of the chamber space required for the same produc- 
tion. A new system of six towers, for twice the duty of the 
old, w'ith many improvements, was then in course of erection. 
The cost of plant is much less than that of acid chambers ; the 
expense of circulating the acid and cooling-water is slightly 
greater, but the consumption of nitre is less and all the acid is 
at once obtained at a strength of 60 I^e. (= 142 Tw.). In the 
discussion following the reading of this paj)er, retersen s[)oke 
of the excessively great amount of moving f)ower required by 
this system, but Kaschig was more sanguine and considered 
it to be that of the future. In 1911 Nemes {Z. Chem., 

* 9 * P- 39O states that the average production of tlie Hruschau 
s;^.stem was 25 kg. Ih^SO^ per cubic metre reacting-space, the 
consumption of nitre 0-68 per cent, of the H.,SO,j, and that of 
power 15 h.p., which cannot be called excessive. Hartmann 
{ibid,^ p. 2303) makes detailed statements on that ,^sy.stcm as 
now carried out. There are two series of towers, viz* one for 
producing acid on the principles of the Glover tower, and 
another for absorbing tl»e nitrogen oxides, both scries counting 
the same number of towers, e.g. three acid-producers, I., 1 1 , HI., 
and three absorbers IV., V., VI. for ma 4 <ing 18 tons of agd 
60° B^. The acid-producing towers must be protected in the 
climate of Central Europe hy Being cased in, but th^ absorbing- 
towers do not require this. TlTe former as well require no 
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special building, but only a protecting-casing against wind and 
snow pressure, carri(jf:l by the towers themselves. Arrange- 
ments are made for dividing Uie gases in the usual way. The 
inside lining^corresponds to that which is usual for Glover and 
Gay-Lussac towers. The acid is introduced in the tower 
ceilings by emuisionating apparatus without any highly-placed 
tanks, and the water in the form of sprays in the top of towers 

1., 11 ., III., and IV. The acid running/>ut of the producers I., 

11., and III. i:^ pumped on to the absorbers IV., V., and VI., 

and ?r/sa, so that the towers I. find VI., II. and V., and 

III. and IV. are in communication. 'I'he ^lipes conveying the 
acid to the Gay-Lu.ssac emulsioners are cooled by water. The 
acid ultimately all pas.scs through tower V. and there gets up 
to 6o Be., so that the whole of tlie acid produced comes out 
with that strength. 'I'lie tower space for retaining the nitrogen 
oxides is ample, .so that the end gases from tower VI., after 
passing through a coke box for retaining any acid fog, show 
only 0*5 g. SO.^ per cubic metre on an average. The propulsion 
of the ga.scs takes place by means of an exhauster placed at the 
end of the apparatus, h'or iiroducing i8 ton.s acid 6o Be. per 
diem aground space of 40x8 ---'-320 superf m. is required for 
the towers; the total cost in (German)' is from ^'5000 to ^^5500; 
the cubic content.s, counting onl\' the lead space, about 600 
cb.m. Hence, i cb.m, produced 30 kg. acid of 60' Be. (equal to 
37 kg. chamber acid of 53 Be.) in twent\ -four hour.s. Of this 
tower I. produces about 20 per cent., tower II. 30 per cent, 
tower III. 50 per cent., and the SO., is now oxidised down to 
mere trace.s. That means a duty of nearly ten times as muc^ as 
that of ordinary chamber space, at a cost for plant of about half 
of that of the chambers for the ‘same duty. The consumption 
of nitric acid of 36" Be. averages 075 parts to 100 parts chamber 
acid. Th^ power for driving the exhauster is 3 kw. per hour. 
The consumption of air for cmulsionating is about 4000 cb.m, air, 
compressed to atm., and that of cooling-water from 200 to 
400 tons per day. Hartmann enumenates the advantages of 
the tower* system as follows: — i. Less cost of plant. 2. Less 
gi;pund space. 3. Eacy supervision of the plant. 4. Easy super- 
intendence of the working. 5. Production of all the acid at a 
strength of Be. 6. Altogether less producing expense than 
that of the lead-chamber process. The first experimental plant 
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was erected in Ilruschau in 1908, a larger plant in 1909, a third 
in 1910, and a fourth 1911. Ten or t^velve plants were in 
course of construction at other places in Austria and other 
countries, most of which would be at work shortly. , 

Hascnclever at the end of 1911 (r/V/c s///fra, p. 688) reserves 
his judgment upon this (as well as on the Gri(fshcim) plan ; it 
remains to be seen whether the saving effected by smaller 
capital charges will notice counterbalanced by increased work- 
ing expenses and repairs. The working require#, as he points 
out, careful supervision, *as the consumption of nitre easily 
becomes heavy. In^iddition, the acid, through being continu- 
ously in contact with the packing material of the towers, will 
probably become more and more imjaire, even if the burner- 
gases are subjected to a preliminary purification. 

Th. Meyer (Z. 67 /c;//., 1912, p. 203) makes use of 

Hartmann’s communications on the Opl process for comparing 
the expenses of plant and working that process with those of 
the lead chambers. For a plant producing 18 tons acid of 
60^ Be. per twenty-four hours — 6480 tons per annum, he comes 
to the sum of .72100 for the chambers and 7>8oo for the Opl 
system, as cost of land and buildings, which means an advantage 
of 7^1300 in favour of the latter. The cost of chamber plant 
comes to £22^0, that of the 0[)1 towers to 7^1580, or an 
advantage of £ 6^0 in favour of the latter. (In both cases the 
Gay-Lussac and Gloyer towers are left out of the calculation, 
as thc.se must be j:)rovidcd in either case.) Concerning the 
working expenses, the cost of |)roducing the sulphur dioxide 
ga.ses, that of the nitre and the water (steam) may be left out 
ofjthe calculation, as being substantially the same in both cases. 
But the Opl process entails additional expenses for lifting the 
acid to the top of the towers, for the exhauster which drives 
the gases through the towers, and for cooling-watet Meyer 
gives his data for calculating that part of the working (fxpenses 
for 100 kg. acid 50' Be. at 22-1 Pfennig for the Opl towers, 
against 11-4 Pfennig foi* chambers, leaving a difference of 107 
Pfennig per 100 kg. acid 50' Be. against the Opl process, equal 
to 13.4 Pfennig for acid of 60'' Be., or, say, >s. 4d. per ton of aej^ 
of 60'' Be. To this must be added the patent royalty which 
comes to about ^ pfennig per 100 kg., or about 2 ^d. per ton. 
The advantage claimed for the 0{)1 pit)cess, that all the acid is 
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obtained at a strength of 6o' Be. = 168'' Tvv,, cannot be taken into 
account, as this results can be obtained ^vith the chamber system 
as well ; and it is loaded with the drawback that in the Opl 
process all iJie acid comes out in an impure state, like that of 
(ilover-tower acid. The (juestion of wear and tear cannot be 
settled up to tlft; present, but this item is likely to be somewhat 
higher in the Opl system than in the lead-chamber system. 
One circumstance is undoubtedly in favour of the Opl system, 
viz., tiiat it •requires le.ss ground space than the chamber 
system ; and where the purity of the acid is of no consequence, 
there is a certain advantage of the Opl system in the smaller 
working cxqjenses, as above stated. 

h.. \V. Kauftmann (Ger. P. 226219) passes the burner-gases 
first through a dust-chamber with horizontal flues, and then, 
by means (T a fan, into an iron tower, lined with brickwork, 
where the necc'ssary water and nitrous gases arc introduced and 
which is kept at 1 50 to 200 . The supply of water is regulated 
so as to prcHiuce acid of at least 60' to 62 ' (;8 to 82 per cent. 

11.^504), but it may go up to 98 per cent. [?J. The gases coming 
out of the tower pa.ss through a cooler and into a Gay-Lussac 
towei ; the nitrous vitriol here produced is denitrated in 
apparatus similar to the old “steam-columns” infrd)^ 

trom which the nitrous gases re enter the reaction-tower. This 
process demands much le.ss ground space, and the plant cools 
much less than ordinary chambers, and furnishes acid of much 
higher concentration. ^ 

1 els (Ger, 1 . 2218696) employs, behind the Glov^, a series 
of horizontal cylinders with central shafts and agitating-bfiades, 
which ^ause a thorough mixture of the gases with each otiier 
and with the bottom acid. The gases are driven through them 
by means of a fan, placed behind the Glover ; they enter the 
cylinders in the centre and leave them at the top; the acid 
formcd‘’therein runs through them all in the opposite direction, 
any excess of it being removed by U-shaped overflows. This 
method makes it possible to work within excess of nitrous gases. 

VVenfzki (Ger. P. 230534) employs .several horizontal 
revolving cylinders In series. The gases are passed in and out 
through hollow axes, which project only a short way into the 
cylinders snd are bent upwards thtere, as sh^iwii in Fig. 217. 

On the inside walls df the cylinder longitudinal, bent shovels 
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are placed, which during the revolution raise up the liquid, keep 
it permanently agkated^and throw it against the walls. In the 
beginning the first cylinder is charged with nitrous vitriol or 
with a mixture of sulphuric and nitric acid ; the otjier cylinders 
receive sulphuric acid. The burner-gases, propelled by a fan, 
enter into the first cylinder, where they are [^fartly converted 
into sulphuric acid ; the nitrous gases, here evolved, travel 
along with the remainin^r gases and are retained in the second 



Fig. 217. 


and third cylinder. Gradually the acid in the first cylinder is 
denitrated and the contents of the second are changed into 
nitrous vitriol, and so forth. The same inventor ((ler. W 23.S960) 
describes the same process, carried out in a series of cylinders, 
filled with a horizontal revolving stirring-apparatus, in 
(ingetv. Chem,^ 191 i,p. 2440. He describes his process, which is 
still in the experimental stage. 

Petersen {CJion. Zeit., 191 1, p. 493 ; /. Soc, CJudl hid., 1911, 
p. 681) proposes, in lieu of towers, to pass the burner-gases 
through a series of shallow lead boxes, connected by pipes, and 
rising behind one another by steps of 30 cb.m. They are pro- 
vided with perforated false bottoms, and packed above this with 
quartz. The first two boxes contain nitrous vitriol, the others 
sulphuric acid of sp. gr. 1-6 to 17. A fan draw-s the gases, 
cqpled to 50^" in a special cooler, through the acid in these boxes. 
In the first of these the SO.^ is ^Tt once trajisformed into ILjSO^ ; 
the second prevents any escape of SOo, and the evolved XO is 
absorbed in the third and fourth box. Acid of sp.^gr. i-6 is 
most suitable, as it readily absorbs nitrogen oxidcfT, and is 
equally easily denitrated. Water is added in the gas cooler or 
in the first box to maintain the sp. gr. at i-6. The inventor 
proposes also another system consisting only of t\Vo boxes, 
completely filled with quartz, and provided with short le^d 
baffles, projecting down from the lid. The acid, as it flows 
through, fills tjiey box^st completely, and the ^gas^s pass 
horizontally through, so that le 5 s pressure- is required than 
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in the first system. His third system has only a single box, 
and is otherwise like«the second systei^. 

Mis patents are: B. Ps. 15406 of 1907, 21346 of 1907, 
27738 of 1907; Amer. Ps. 899898, 899899, 904147 ; 

378454^ 382262 ; Ger. P. appl. of 28th December 1905. 

• 

Chamber- 


Pwery set of chambers must contain a number of auxiliary 
apparatus, wiiich in part are absolutely necessary for the 
process, and in part serve to check it cfiemically and technically : 
the former are essentially those for intiTi^lucing the nitre, the 
steam, and the air ; the latter, smaller apparatus, will be 
described first 

J)rau'ia<;-oJ/ /he acid is never done by cocks attached to the 
chambers. Such taps might be made of hard lead (4 to 5 Pb 
to I Sb), but they would soon get stopped up with sulphate 
of lead, and could not very easily be repaired when leaking. 
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regulus metal, into which fits a conical plug, h, of the same 
metal provided with an ^ron handle covefcd with lead. The 
running-off pipe d is either burnt to the valve-seat or joined 
to it by an open funnel ; the latter permits the running off 
to be more easily observed, but is apt to occasion running over, 
by getting stopped up. Or, as shown in Fig. 215, a lead siphon 
may be employed, with cups attached at each end, a <1, which 
keep it always filled, so that it begins to act as soon as one of 
its limbs has been put into the acid. The secoiid limb then 
enters into a large funnel of the running-off pipe h. 

The simplest plan, which docs not work at all badly, is this : 
to burn a short piece of thick lead pipe to the chamber-side, 
and make the joint very strong by casting lead round it. This 
pipe ends over the funnel of the running-off pipe, and is closed 
by a good india-rubber cork. The men take this out and put 
it in by hand, having a bucket of water standii:g by to wash 
the acid off their hands. 

Another arrangement, shown in h'ig. 320, is very good indeed, 
The siphon h is firmly attached to the box r, or within the 





Fig . 220. 

upstand of the chan]^ber. A cyfinder, d, surrounding# the.outer 
limb of the siphon, is so suspended* tha^ it can be drawn up or 
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down by means of the chain e and the pulley /, and fixed in 
any position by the«hook g. The cylinder forms a continua- 
tion of the outer limb of b\ when it is quite drawn up, so that 
its overflow Ji is at a higher level than the acid in r, it will cease 
to run ; but when h gets below this level, the siphon will at 
once begin to*act, all the more quickly the more d is lowered. 
Thus the acid can be run off with more or less speed and with 
the utmost cleanliness. , 

Fig. 22 1 tfepre.scnts a siphon suitable for hot acids in any 
part of the works. To the top of the*siphon, a a, there is joined 
by a bent tube a closed lead vessel h, wlych by an elastic tube 



Fig. 221. 


is connected with the open ves.sel c. The latter is filled ^vith 
acid and lifted into the dotted position, whereupon l> and then 
the siphon a are filled ; c is then lowered, upon which the 
siphon begins to act, .some acid running back from b to c and 
thus producing a partial vacuum. 

We shall in this place also mention the best arrangements 
for insertjng siphons into glass carioys or other vessels for 
carrying corrosive liquids. The simplest and most efficient plan 
*is that shown in Fig. 222 . A glass or lead siphon, a, is inserted 
into a good india-rubber cork, made strongly conical so as to 
fit bQttlei with various sizeef ncclts; an^tlyjr short tube, b, 
passes through the saiiie c6rk. The siphon a may or may not 
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be provided with a tap, r. It will be seen without further 
explanation that the siplvan can be started by blowing into h. 
The flow of liquid may be stopped cither by closing the tap <, 
or, if there is no tap, by lifting out the cork, or by opening a 
third hole provided in the cork for this puriwse. In the (very 



frequent) case that the moutli of the carboy is too irregular in 
shape for the cork to fit air-tigl^t, the remaining air-channels 
are stopped up with damp clay ; and in an emergency a lump 
of damp clay may replace the india-rubber cork entirely. 

Bode and Wimpf’s siphon (Ger. P. 23794; Chem. Zcit.j 1SS5, 
p. 907 ; J. Soc. Chem. Ind., 1885, p. 484 1 further improvements 
in Z. angew. Chem., 1889, p. 522) rests on a very similar 
principle, with addition of^ ball valve for stopping ancj starting 
the siphon. It seems to be specially adapted for nitric acid. 

Alisch (Ger. P. 9133), Landel (Ger. P. <^307),]. P. y More* 
(Ger. P. 28721), Oplander (Ger. P^ 30662), and others have con- 
structed different Ifinds of sipHbns. ^ 

De Hemptinne has written a pamphU-t in which he traces a 
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Treat many forms of siphons to their authors ; but there is 
lothing specially n^v in it. • 

Pratt’s carboy-emptier, sold by J. [. Griffin & Sons, London, 
is shown in Fig. 223. 



Fig. 223. 


J. Gortin, of Ncwcastlc-upon-Tyne, makes non-rotative acid 
valves of a special mixture of regulus metal, the plug rising or 
falling into its seat out of a fixed setting \ythout turning round, 
so that it is free from friction in working, and the wfjar and tear 
arc reduced to a minimum. • 

Acid-dishes {drips, tell-tales) are placed inside the chambers, 
in order to examine the process by ascertaining the quantity, 
strength, and nitrosity of the condensing acid. They are made 
in very different ways — for instance, that shown in Fig. 224. 
A is a lead vessel, burnt inside against the chamber-side about 
3 ft. above the bottom. The acid caught here runs by the tube 
a through the chamber-side into the*lead cylinder B, containing 
a hydrometer. B is provided near its bottom with a side- 
branch, b, rising ‘'above its top, and ending in a funnel for 
receiving the acid, which thus constantly runs in at the bottom 
and out Ut the top of B into a vessel, C, f^pn\ which it is carried 
back by a small pij 5 c into the chamber. The greater the 
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length of A, the more quickly the acid will be renewed in H, 
and the more reliabte are the indications. ^ 

Many manufacturers place S-shaped drip-tubes in the con- 
nection between the chambers for a similar purpose. Others 
do not trust to the collectors burnt to the chamber-sides, but 
place leaden or stoneware dishes at some distance from the 
side within the chamber. These rest on feet made of lead tubes, 



Fig. 224. 

or upon a stand of stoneware, so as to be elevated above the 
level of the acid ; and they have an outlet leading outside the 
chamber. In some works, both kinds of drips are fixed side by 
side; and it is noticed that those fixed to the sides alw.a^s yield 
acid of 6 "" to 10'^ Tw. less than the inner drips, evidently 
because more aqueous vapour is condensed oft the sides together* 
with the sulphuric acid. 

Firman and C«ck«5edge (B.*P. 52 of 1909) describe ^rip^ians, 
with grooves, terminating in an aciJ-lut^d outlet, so constructed 
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that no acid remains in the pan, which therefore shows the exact 
quantity of acid made in the chambercat the time. 

Generally the cylinders of acid-drips are made far too large, 
so that they show the changes in the process much too slowly. 
It is therefore preferable in all respects to make the cylinders 
very small, sa/holding about 20c.c,with a side tube and funnel, 
into which the fresh drips fall, as shown in Fig. 224, whilst the 
cylinder itself keeps overflowing, aixl thus its contents are 
renewed abcait once in every ten minutes. Special small hydro- 
meters, having only a range of, say, a*bout 20' Tw., are made for 
the purpose of showing the strength of aejd in these small drips. 

For taking samples of the bottom acid itself a recess is usually 
made in some part of the chamber by dressing back the lower 
part of the side. Some, in order to be 
quite sure, always take the sample out of 
the chamber itself through a special small 
manhole luted with moist clay ; in this case 
there is a slight loss of gas, but no danger 
of getting stagnant acid. Such a manhole 
is shown in Fig. 225^; in section. The large 
manholes may be made in exactly the same 
Fig. 3J5./. Fig. 335/.. their lids may fit into a groove 

luted with damp clay, as shown in Fig. 
22 Sh. Large chambers are fitted with several acid-drips, man- 
holes, etc. 

For taking the samples themselves a dapper of lead or glass 
is employed, which is lowered slowly, so as to get ^ sample of 
all layers of the acid into it. There is often a great difference 
between the top and bottom acid. 

Mostly thermometers are fixed at regular intervals of 30 to 
50 ft. in the length of a chamber, whose mercury-vessel is 
inside, und whose scale is outside the chamber. This means 
of observing the temperature is undoubtedly infinitely better 
than the rough one formerly in general use in England, by 
touching.with the hand. • 

For chambers not exceeding 100 ft. in length, one set of 
tdrips, thermometers, etc., is generally thought sufficient. For 
longer chambers this is not the case; at the German works 
theretis g^merally a special set'of* these fittings for about every 
60 ft. length of chambefr. 
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The pressure inside the chambers might be indicated by any 
of the anemometers to bi^ described at thedose of this chapter, 
especially those of Vogt or Sorel; but usually simpler means 
are employed, such as ordinary glass pressure-gauges. 

Sometimes stoneware plugs 
are put into holes made in the 
chamber-sides, in order to indi- 
cate the pressure insitle the 
chamber. The tension of the 
gas is also seen by lifting the 
lids of the small marjjioles (Fig. 

226), which are always placed 
on the top of the chambers with 
hydraulic lutes, and which generally consist of glass jars, so as to 
give light for observation through the side-windows (see below). 

For gauging the height of the acid in the chambers we employ 
either stationary lead gauges (which, however, are difficult to 
read exactly), or accurately divided 
copper rods, which arc dipped in 
every time, but always in the same 
place, since the chambers are never 
absolutely level, or glass floats like 
that shown in Fig. 227, the stem, a^ 
of which slides in a small lead 
frame, whose upper edge serves as 
an index for reading-off. The float 
will sink more or less in the acid 
according to any alterations in its 
specific gravity. To make this cause 
of inaccuracy less sensible, the ball 
of the float is made pretty large. 
These floats are most convenient for 
reading-off. 

An instrument for mechanically 
• calculating the iv eight of sulphuric 
acid in the chambers is described by C. Davidson in Cheiu, News^ 
Ixxxvil p. 205, and /. Soc. Chem, Ind,, ipoj^p. 625. 

A very great assistance in judging of the chamber-process 
is afforded hy glciss ^vindowsi^x^sights^ which permit^the colour 
inside the chambers to be seen. Whoew^^er has once got used to 
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these windows will never do without them. They are 8 or 9 
square, and are ari^inged at a convenient height for looking 
through, in those places in the chamber-side which lie in a line 
with the glass manhole lids in the chamber-tops ; thus they are 
sufficiently lighted. Where the chambers are roofed in, light 
must be prooured in some other way (for instance, by two 
opposite windows corresponding with a window in the chamber- 
shed, etc.). The chamber-glasses ai;e put into small lead 
rabbets, anc^ luted with white lead and boiled oil. The 
assertion is occasionally made that ^he colour of the gaseous 
mixture, observed across the width of the chamber, or in the 
diagonal line from the side to the manhole lid in the top, is too 
deep, and that “ sights ” in the connecting-tubes arc preferable ; 
but just the opposite is the case, since the observations are 
evidently far more accurate, and any alterations of colour much 
more easily perceived in the former than in the latter case. 
Only in the first part is the gaseous mixture, through copious 
condensation of acid, too opaque for observing its colour ; but 
just there it is quite unncces.sary, for only in the back parts 
of the set is it important to have always an excess of red 
vapours. 

At some works they prefer to the ordinary side-windows, 
which are rather difficult to keep clean, gla.ss jars, similar to 
those shown in hig. 226, p. 701, but placed on special short 
wide branch-tubes, burnt in the sides of the chambers at 
convenient places. These jars when dirty can be exchanged in 
a moment for clean ones, and they are supposed to show all the 
changes in the chamber-atmosphere quite as well as the^glass 
panes fixed in the lead walls themselves ; but my experience is 
decidedly to the contrary, as sometimes the side-jars are quite 
yellow while the chambers are already pale, and vice versd. 

Ap/U^ratns for introducing Nitric Acid into the Chambers, 

These are divided into two classes. In the first class the 
nitric acid enters the chambers in a state of vapour, mixed with 
the buriref-gas, whose heat evolves it from a mixture of sodium 
nitrate and sulphupc acid contained in an iron pot. This is 
styled “ potting.” In the second class the nitric acid is made in 
a liquid foj^m in special apparatus and introduced as such into 
the chambers. Opinions still differ as to which of the two 
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plans is best. The plan of introducing acid in the state of 
vapour, which was fiormej;ly general in England, but only rarely 
used on the Continent, has the advantage of greater simplicity 
and of saving labour and fuel. The advantage sometimes 
claimed for it, that there is less loss than by making and 
employing liquid nitric acid, is hardly a real •ne ; for in the 
first plan some nitric acid is easily condensed during the 
conveyance of the gas to^the chambers, and may corrode brick- 
work, iron, etc., whilst liquid nitric acid is alwa;^s introduced 
exactly in the place wh 5 re it is needed. It is necessary to 
employ much more sulphuric acid for the decomposition of the 
nitrate of soda in “ potting” than in the regular manufacture of 
nitric acid. The presence of nitric acid in the burner-gas will 
also induce a premature formation of sulphuric acid, especially 
if it be much cooled ; but the Glover tower obviates any 
inconvenience arising from this. On the other hand, some are 
afraid that in “ potting ” the nitre-ovens may get so hot that a 
portion of the nitric acid will be decomposed down to nitrogen 
protoxide or even to free nitrogen ; but the men generally 
employ .so much sulphuric acid for decomposing the nitre, that 
this cannot easily happen, nor are N .^0 and N formed so very, 
readily as was formerly supposed (see later on). 

The advantages of introducing nitric acid in the liquid form 
are the following : — avoiding the entrance of false air into the 
chambers and the escape of burner-gas into the atmosphere, 
both of which occur^in many (not all) systems of employment 
of gaseoug acid ; the possibility of employing as much nitric acid 
and as quickly as desired, whil.st in the other case this depends 
Olathe heat of the burner-gas, which during a bad process, just 
when most nitric acid is necdcd,*sometimes proves insufficient ; 
lastly, and most of all, the exact regulation possible with liquid 
nitric acid and its continuous supply, whilst gaseoug acid is 
always given off* very unequally from the nitre-mixture.* These 
advantages have induced most continental and later on many 
English and American manufacturers to employ liquid nitric 
acid. Muspratt {Dictionary of Chemistry, ii. p. 1029) tertainly 
reports that a continental manufacturer, whp previously worked 
with liquid nitric acid, after having seen the use of solid nitre in 
England, had sayec^ one-thinti bf his nitre by intro^lucing the 
English plan. This statement sifnply»proves that that manu- 
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facturer had not been very careful before, and is no guide 
whatever. The opposite experience; has# been much more 
frequent. Liquid nitric acid, however, will do harm if the 
apparatus for introducing it is not constructed in such a way 
as to completely volatilise it or convert it into gaseous products 
before it readies the chamber-bottom, since it will act upon 
this. Accordingly, sulphur dioxide and aqueous vapour, which 
decompose the nitric acid, must be brought into contact with 
it as completely as possible. 

■ It is claimed as an advantage for ‘introducing the nitre by 
" potting,” that the chambers are not exposed to the damage 
possible in the case of incautious handling of nitric acid, whilst, 
on the other hand, the irregular evolution of gas from the 
nitre-mixture is equalised by employing several decomposing 
apparatus, and charging them in turns, say once every hour, just 
after a fresh pyrites-burner has been charged ; thus the stronger 
evolution of nitre-gas runs parallel with that of sulphur dioxide. 
Some prefer a contrivance for supplying gradually, and not all at 
once, the sulphuric acid serving for decomposing the nitre. It 
was formerly contended that the best English works, all of which 
employed at that time solid nitre, worked with as small a con- 
sumption of it and as good a yield of vitriol as the best of the 
continental works employing liquid nitric acid ; also on the 
Continent .some manufacturers work quite as well with solid 
nitre as their neighbours with nitric acid ; but it is extremely 
difficult to check such statements, as few manufacturers divulge 
their real working results to outsiders, and, moreover, very 
many of them do not even know these results themielves 
with that degree of accuracy which is required to decide ^lis 
question. 

There is no doubt whatever that the chamber-process can be 
worked piore regularly by the continuous supply oP nitric acid 
in the tiquid form {cf, Eschellmann’s experiments at Widnes, 
infrd)\ and the just objection to this, formerly existing, that 
there was a risk of damaging the first chamber in case of 
a collap*^e of the “cascades” (see p. 712) has been entirely 
jemoved, in the firs^ place by the almost general plan of intro- 
ducing the nitric acid into the Glover tower, and in the second 
instance Uy spray- producers, etc.t Jhe laljouf of making nitric 
acid in large apparatus and condensing it in receivers is not 
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much greater than that of frequent “ potting ” ; the waste of 
sulphuric acid for decomjyjsing the nitrate#of soda is much less 
in the former than in the latter case. The nitric-acid retorts 
are even sometimes heated by pyrites-burner gases. These 
reasons explain why the majority of continental manufacturers 
always preferred the employment of liquid nitmc acid for the 
chamber-process, and later on probably most of the English 
and American manufacturers have gone over to it as well. 

• 

Introduction of Nitric Acid as Vapour (“ Potting"). 

The apparatus seeing for this has been partially described 
in a former chapter (pp. 393, 394, 396, 402, 440), when treating 
of the sulphur- and pyrites-burners. The drawbacks have been 
pointed out which attend placing the nitre-pots within the 
burners, or, generally, in such a way that the acid sulphate 
boiling over can run into the burners. Later on, however, there 
was always a special nitre-oven constructed by enlarging a 
suitable place in the gas-flue. It is situated either above or, 
preferably, just behind the burners, and provided with the 
necessary working-doors and a cast-iron saucer for collecting 
what boils over. The nitre-pots themselves have various shapes 
-—for instance, that shown in Fig. 228 ; at d a ledges are cast on 




Fig, 228. 


the bottom, which facilitate pushing the pots backwards and 
forwards. They hold from 8 to 12 lb. of nitre. 

The “ potting ” with these pots, which are still (or have been 
until recently) met with in some English works* otherwise 
abreast of the times, is very troublesome and imperfect. 

A much more perfect plan is that of decomposing the nitre 
in a fixed apparatus runuirtg off the acid sodiugi sulphate 
(nitre-cake) in a liquid form. This .apparatus consisfs of a 
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semicylincler of cast iron, a (Figs. 229 and 230), with a cast-on 
tube, b, bored somewhat conically. Xhe latter projects out of 
the nitre-oven, and during the working is clo.sed by a ground-in 
iron plug with a long handle. Outside there is a cast-iron 
.saucer for holding the nitre-cake, which at once solidifies. The 
internal saucei« c, catches any stuff boiling over. The nitre is 
introduced by the hopper d, which is provided with a damper; 
and after putting in the damper again, it is made gas-tight by 
filling up with the next charge of nitre. An S-shaped tube (not 





Fig. 229, 


shown in the diagram) serves for running in the sulphuric acid, 
for which it is best to provide a small tank with a siphon or 
stopcock,, The acid should be run out of this tank by a pipe 
with a \fery fine point into the S-shaped tube, so that the run- 
ning shall take a long time, and the nitre be only gradually 
decomposed. Sometimes an iron scuaper with a long handle 
(passing through one of the ends of the oven) serves for stirring 
up the mixture in ,the pan. The hole for this must be kept 
air-tight with clay. An apparatus of the size drawn here holds 
56 lb. of liitre, which can be easily ^decon^o^ed in two hours. 
In any case there should be fwo or more of these apparatus, so 
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as to make the current of nitre-gas more regular by charging 
them in turns. 

Even preferable to the arrangement here shown is that of 
placing the nitre-trough in such a way that the burner-gas can 
play round the bottom as well. The saucer for the boiling-over 
stuff, which forms the bottom of the nitre-oven, must then be 
placed somewhat lower. 



Fig. 230. 


At Oker the potting is effected in cast-iron retofts set in 
the high kilns used there (p. 421); the gas-delivery pipe opens 
into the gas-flue belonging to the kilns. 

Rice (B. P. 16757 of f892) patented a contrivance which had 
been in operation in several places for many years past, viz., 
putting the nitre-oven between the burners ^nd the Glover towej* 
in such a way that, by means of valves, the burner-gas can be 
made to travel .either thfoifgH the oven or directiy into the 
chambers. 
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A. P. O’Brien (Amer. P. 694024) describes a cylindrical oven, 
through which the py rites-gases are driven by a fan, with many 
details of construction. 

An intermediate process between the “ potting” system and 
the application of liquid nitric acid is the generation of nitric 
acid in the ordmary retorts, fired with coals (pp. 139 et seq^^ but 
without condensing the vapours to liquid nitric acid by passing 
them straight into the chambers. system, which was 

followed in. several English works about 1880 (Jurisch, 
Schivefclsaurefabrikntion, p. 130), seems to have neither the 
simplicity and (apparent) cheapness of jotting in the nitre- 
oven, nor the exact regularity of supply by liquid nitric acid. 
It costs as much coal and very nearly as much labour as the 
latter ; and the passage of the vapours from the nitric-acid 
retorts to the chambers presents great difficulties on account of 
the unavoidable conden.sation of liquid acid, which is not 
entirely overcome or rendered harmless by lining the cast-iron 
pipes with stoneware pipes, with an asphalt or asbestos cement 
between them. If an acid-maker once emancipates himself (as 
he ought!) from the old .system of “potting,” he .should proceed 
to the thorough reform of making and using liquid nitric acid. 

The Soc. anon L. Vogel (B. P.6846 of 1904; Ger. P. 171088) 
passes the vapours evolved in the ordinary nitric acid retorts 
from sodium nitrate and sulphuric acid without condensing 
them to liquid acid, into the Gay-Lussac tower, where they are 
absorbed and later on utili.sed in the Glover ^towers. Thus large 
quantities of nitric acid can be supplied to the chanpbers in a 
continuous manner, assisted by a fan interposed. The cyliaders, 
where the nitric acid is evolved, are set in the dust chamber 
behind the kilns and heated by*the burner-gases. 

Pozzati (P>. P. 404708) passes the nitrous gases from the 
nitre-ovqps directly into the chambers, instead of taking them 
througlf the Glover tower [a proceeding quite generally taken 
many years previou.sly, but abandoned for better methods 
later on]. • 

Dervfg* (Amer. P. 850820) in lieu of the ordinary nitre- 
jvens employs a column, packed with quartz or coke, through 
which a solution of sodium nitrate in sulphuric acid is run ; it is 
cither^ placed between the pyrites-burn vs ,and the Glover 
tower, or between this atid ttie first lead-chamber. In the first 
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case part of the hot burner-gases, in the second the whole of the 
Glover exit-gases are parsed through thi% column (which has 
about one-fifth of the diameter of the Glover), in order to supply 
the necessary heat for driving off the nitric acid. [The reporter 
in Chevi. Zeit. Rep., 1907, p. 272, justly remarks that this 
column will be easily stopped up by sodium suljiiate crystallis- 
ing out.] 

Introducti^i of Liquid Nitric Acid, 

• 

Any of the apparatus*prcviously described (pp. 139 et seq.) 
for the manufacture <jf nitric acid may be employed for use in 
connection with acid-chambers, but no special precautions are 
in this case needed for obtaining the acid in a concentrated 
state or free from lower nitrogen oxides. On the contrary, any 
low-strength and impure acid obtained in the manufacture of 
commercial nitric acid may be turned to use in the vitriol- 
chambers. 

It is, however, of the greatest importance for the process to 
supply the acid in an even, continuous way, and to regulate the 
supply to a nicety. This can be most simply done by a 
Mariottds vessel, as shown in Fig. 231 on a scale of 
stoneware vessel, A, containing the nitric acid, is closed by a 
caoutchouc cork,«, holding a glass tube, A The latter is the 
only channel for the air, which must take the place of any acid 
running out through the cock c. As the liquid above the level 
h li, down to which^tfie tube b reaches, is supported by atmo- 
spheric pressure, only the height of acid below this can influence 
the speed of outflow ; and this remains constant till the level of 
the acid has sunk below this point. The glass water-gauge, r/, 
and the lead scale, e, admit of observing the height of liquid 
within the vessel. The latter is filled up through the tube b, 
which ends in a funnel at the top. During the filling either the 
cork must be raised, or it must be provided with a .separate open 
glass tube which at other times is kept closed. The funnel/ 
carries the acid into the glass or stoneware pipes conveying it 
into the chambers. * 

At some works there are two tanks whifh are filled up in^ 
turn, one of them every twelve hours, or both every twenty- 
four hours. The jicid is coptinifally running out of h^)th tanks. 
When one of them is half empty, tlife other is just full ; and thus 
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the variation of pressure is compensated to a certain extent ; 
but this plan cannot* at alj vie in regularity with a Mariotte’s 
bottle. 

The Mariotte bottles sometimes become stopped up by 
grains of sand, etc., getting into the slightly opened stopcock. 
Bode {Dingl. polyt. /, eexx. p. 538) avoids thh b)' opening 
the cock full bore, stopping the neck of the bottle tightly by a 
caoutchouc stopper (as fjiown in Fig. 232), through which a 
tube, goes down to the desired depth, and is con»ected by an 
elastic tube, with a meta*l or glass cock, of | in. bore, which 
serves for regulating tjne supply. 

Further improvements in this 
apparatus have been made by 
M. Liebig (Post’s Z./. d, chem. 

Grossgew.^ 1878, part 2). 

Formerly the nitric acid used 
to be introduced in one or two 
“ tambours ” (that is, small lead- 
chambers) about 22x10x12 ft., 
or cylinders of 10 to 13 ft. dia- 
meter and 12 ft. height, placed 
between the burners and the 
main chamber. The second of 
these contained the “ cascades ” 
or other spreading-apparatus ; 
it stood at a higher^ level than 
the first tambour, into which it 
emptiid its acids, and which 
onl^ served for further exposing it to sulphur dioxide and com- 
pletely driving off the nitrogen* oxides. This first chamber 
received enough steam to prevent the formation of chamber- 
crystals, or to decompose them if they arrived in solutipn from 
the second chamber; the acid collecting in the firsr small 
chamber ran away into the main chamber. The first tambour 
is unnecessary ; with proper regulation the nitric acid can be 
completely decomposed in the first apparatus by meaiVs* of SO2 
and steam; but the latter ought to be sijpplied to such an^ 
extent that the sulphuric acid formed contains rather more 
than four molecules ^of wajei* tb each molecule of acid.. At 
some French works the above-desefibed faulty arrangement of 

2 z 
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the cascades caused the acid in the second tambour to contain 
a good deal of nitric? acid. • 

The tambours have been mostly abolished, and the process 
is carried on in the main chamber ; where the nitric acid, as 
is now usual, is introduced through the Glover tower, the 
tambours arc entirely unnecessary. 

Some manufacturers prefer not to run the acid continuously 
in a very small jet, but intermittently in larger quantities. For 
this a siphon arrangement is mostly 
employed (I^ig. 233). a conveys nitric 
acid into the stoneware vessel b\ 
through its bottom passes a tube 
reaching about three-fourths up its 
height, and open at both ends. This 
is covered by the wider tube c/, which 
is closed at the top and open at the 
bottom, so that the acid fills up the . 
space between the inner tube and d. 
As soon as it has got to the top of the 
former, this, together with d, forms a 
siphon which almost directly empties 
the contents of d, whereupon this is slowly filled till the acid 
has again risen to the top of the inner tube, and so forth. 

Cascades.— U the nitric acid were simply run into the 
chambers, it would cause very great mischief It would dis- 
solve in the chamber-acid and quickly destroy the chamber- 
' bottom ; moreover, much of it would find its way outside together 
with the chamber-acid without doing its duty within the chambers. 
It is therefore necessary that no nitric acid should arrive as^ch 
at the bottom of the chambers, but that, before reaching there, 
it should be decomposed into gaseous oxides of nitrogen. This 
is done .by exposing it to the action of sulphur dioxide, that is 
by the chamber-gases themselves. Before the introduction of the 
Glover tower, and even long after, no other means were known 
for this purpose than spreading the n 4 tric acid out over a large 
surface so that it was thoroughly exposed to the chamber-gases, 
,and nothing could /each the bottom in an undecomposed state.' 
This was done by means of stoneware or glass cascades P of 
which the;e existed many descr^pfiogs, which §re fully explained 
and illustrated in the first edition of this work, pp. 308 to 318. 
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Since these cascades have been almost entirely superseded by 
the Glover towers,* we v*ill here show o><ly one of the best 
descriptions of cascades, that made by Fikentscher, of Zwickau, 
and shown in hig. 234. The acid run into its top is spread 
over a large surface before reaching the bottom. 

A fault inherent to all such systems is this : l*hat there is no 



Fig. 234. 


really practical way of knowing whether the nitric aCid has 
been entirely decomposed before the chamber-bottom is 
reached. The means aefopted for this end at some works 
leave much to be desired. 

By far the simplest method of feeding, which dispenses^ 
with all cascades, tambours, etc., is that of running the nitric 
04 :id together wtth^ the nitrous* dtlriol through the Glaeer tower. 
Few manufacturers ventured to do 'this •at first, because a loss 
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of nitre was apprehended by following this plan ; but at most 
of the best-managed works it has been done for many years 
past without involving any extra consumption of nitre, and it 
may be safely asserted that wherever a Glover tower in proper 
working order exists, no other apparatus is required for feeding 
the chambers \Mth nitric acid. Hartmann and Henker (Z. angew, 
Chem,^ 1906, p. 135) confirm this again. 

This is a principle universally accepted, and borne out not 
merely by the practice of nearly all sulphuric-acid works where 
liquid nitric acid is used, and where a Glover tower forms part 
of the plant, but also by the practice of aU the works following 



Fig. 235. r 


the formerly universal English plan of “ potting ” nitre batween 
the burners and the Glover tower (p. 707). It is all the stranger 
that in a modern treatise on the manufacture of sulphuric Sid 
{]\xx\^z\\,Schwefehdur€fabrikation,^'^. 135 and 153) the old story 
is repeated of a great loss of nitre in the Glover tower by 
reductfbn to NgO or elementary N, on the strength of some 
absolutely inconclusive experiments made by Vorster, and 
refuted twenty-five years ago by m® {cf. Chapter VI.), and of 
some alleged “experiences" made in the North of France, 
^without any prooj by positive data. Wherever figures are 
given, Hurter’s experiments of 1877, Jurisch is compelled 
to concede that with careful wdrk^ np trior^ nitre was used after 
introducing the Glover <owdr than before. 
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' Sorel {Fabrication de PAcide sulfuriqut\ 1887, p. 204) states, 
as the positive resuk of tl^e experience of fehe St Gobain works, 
that there is no destruction of nitric acid in the Glover tower. 

Since in some cases a Glover tower is not available for the 
introduction of nitric acid, we shall describe a very efficient 
spray -apparatus^ constructed for this purpose Max Liebig 
{Z. Verein. deutsch. Jngen.^ p- ni). It consists of a lead 
steam-pipe, d (P'ig. 23 5J, with a platinum nozzle, parallel to 
which runs a glass pipe, /;/, for conveying the nitric acid, bent 
up in front and drawn out'into a fine point. The steam rushing 
past this causes a Vjjicuum in the glass tube, and sucks acid 
through the latter from a stock-bottle, a glass cock,//, regulating 
the supply. The acid is spread out into a fine mist, and none 
of it arrives at the bottom undecomposed. 

An apparatus for the .same purpose, constructed by Mr Stroof, 
of the Griesheim works, has been made known to me by that 
gentleman, and is illu.strated by Figs. 236 and 23/. 

Fig. 236 shows the general disposition. Fig. 237 the details 
of the injector /», The nitric acid runs from a Mariotte’s bottle 
A into a VVoulfe’s bottle B, standing in a glass dish, provided 
with an overflow-pipe c, which conveys the acid, in case of the 
injector breaking down, on to the cascade C. h'rom the bottle 
the acid is sucked away by the glass injector h, whose steam-jet 
is connected with the steam-pipe a by a stuffing-box. Such 
injectors are best made of well-annealed water-gauge pipes 
drawn out to a point.* The point projects but loo.sely into the 
suction-pipe, .so that a little air is sucked in as well, and no 
breakage can take place by expansion. At a pressure of 
atm. the injector can carry away 16 cwt. of nitric acid in 
twenty-four hours in the form of spray, together with a little 
air. The mouth-piece of the injector must be contracted and 
widened out again, like that of a fire-engine, to prevjsnt any 
larger drops forming at that place. The acid is thirs com- 
pletely converted into a mist, and a .sensible saving effected in 
comparison with cascades^ 

Another glass injector for nitric acid has been described by 
Burgemeister (Fischer’s Jahresber,^ 1880, p. 228). He employs^ 
a platinum nozzle {not soldered with gold !) and a steam-jet 
placed just below^ the latter «cfc/hsisting of a platinujn nozzle, 
about I in. wide, inside the chamber, cemtinued outside into a 
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copper tube. Both tubes pass through a lead pipe burnt into 
the chamber-side, said are fastened, in this with glycerine- 
lead cement. 



Fig. 336. 

r t 

At the Freiberg works, where, in consequence of the complete 
cooling cuf the roasting-gases,'th:ey, do not ^employ a Glover 
tower, formerly the nitric ‘acid was introduced by cascades. 
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These have been replaced by glass injectors, constructed by 
Wolf, as shown in Pigs. 2^8 and 239. A ^ass tube, 28 mm. 
wide, is sealed to a narrower central tube, at the place a. 

At b there are three glass knobs for steadying the inner tube 
and at c four small glass knobs for steadying the platinum 
capillary d. Tube is provided with a funnel d’«for running in 
the nitric acid. The tube d, made of platinum-iridium, is 
connected with a steam-gipe, and is held in the centre of pipe (i^ 
by an india-rubber cork /and the knobs r, c. The, outlet of d 


Fig. 238. 



Fig. 239. 

is 6 or 7 mm. wide. The nitric acid flows through e into the 
annular space between a} and d\ and is sprayed .into the 
chamber by the steam issuing through the platinum capillary. 
The whole is in.serted into the chamber-side by means of an 
india-rubber joint at ^,*so that it is easily taken out and 
cleaned. 

Potut (B. P. 7710 of 1900; Ger. P. 122^20) introduces the 
nitric acid (or nitrate of soda solution, cf. later on) by a steam 
injector into thg pipe le^dhijf from the Glover toyier to the 
first chamber ; he makes the ridiciRous»assertion that thus two- 
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thirds of the nitre are saved in comparison with running the nitric 
acid down the Glover tower or straigljt intoithe first chamber. 

Other manufacturers inject nitric acid into the last chamber 
{cf. next Chapter). 

The simplest way of introducing the nitric acid through 
the Glover tower is to run a suitable quantity of it into the 
nitrous-vitriol tank at the bottom of the tower, and pump up 
the mixture in the usual manner. It is sometimes preferred to 
carry the nitric acid to the top of the chambers or the tow^er, 
and to run it into one of the lutes of (he tower as required. 

The Societe Nitrogene (Fr. P. 404^71) employs for the 
chambers a solution of dilute nitrous gases in concentrated 
sulphuric acid, thus producing a mixture of nitrosyl-sulphuric 
acid and nitric acid. 

The storifii^ of nitric acid on the top of the chambers or 
of the Glover tower is generally effected in large stoneware 
receivers, or else in a number of smaller stoneware jars or 
ordinary glass carboys, all of which are connected by glass 
siphons, so that the running off by means of a tap-siphon need 
take place only from the last ve.s.sel of the .set (P'ig. 240). 



Fig. 340. Fig. 241. 


Vessels ^roof against nitric acid may also be composed of 
single pieces of stone joined together by a cement made of 
finely-ground asbestos and a dilute solution of silicate of soda, 
kneaded into a putty and preferably mixed with ground 
sulphatodf baryta. 

E. Pohl (Ger. P. 30188) employs iron ves.sels lined inside 
\vith asbestos cloth 'soaked in paraffin. The riveting of the iron 
shell is efjfcted in the manner^sljown in J^ig. 241,50 that the 
acid nowhere comes intQ contact with the iron. 
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G P Adamson (Amer. P. 84654O stores acids in bottles of 
glass, ceresin or othor suitable material, whose sides and bottoms 
are strengthened by a cylinder and plate of wire-gauze, 
embedded in the material of the bottle. The lower edge of the 
gauze cylinder has a head formed on it which ^projects below 
the edge of the gauze plate. 


Introducing Nitre as an •Aqueous Solution of Sodium Nitrate. 

There is yet another \vay of introducing the nitre. Many 
years ago several wqfks ran their nitre as a solution in water 
into the chambers. This has long since been discontinued, 
both because all the sodium sulphate formed gets into tie 
acid which is not allowable for many purposes, and because 
the lead always wears away very quickly at the point where the 
solution enters. The same method was patented by Biirnard 
(14th August 1875). The solution of nitre was to be injected 
into the chamber in a thin jet, or, better still, at once mixed 

with sulphuric acid by means of a f f 

to Sprengel's water-. spray {vide infra). The chief object sought 
to be attained in this proce.,s was an imaginary .saving of nitric 
acid which in the decomposition of nitre by the burner-gas 
was supposed to be reduced to N ,0 and R It has been men- 
tioned on p. 337 , and again be referred to in Chapter V ., 
that no sensible decomposition of this kind takes place at all , 
and any advantage, accruing therefrom would be far more 
than counterbalanced by the difficulty of keeping the nitrate 
solution long enough in suspension to completely decompose 
it and to prevent liquid nitric acid from getting at the 
TiBaraber-bottom. The process also takes so much steam 
that the acid in the first chamber gets too weak. This is 
certainly contradicted by the patentees {Chem. Neivs, 
p 203); but no independent favourable testimony has yet 
been published, and a saving of nitre appears out of the 
question. It would, however, seem feasible to run a solution 
of nitre through the Glover tower together with chanfber-acid 
and nitrous vitriol, so that the nitre would be decomposed m, 
the tower itself, sodium sulphate and nitrous vapours being 
formed. Of course this plan,«s'.well as that mentioned before 
is restricted to the case of the sulplfuricecid not being intended 
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for sale, but employed for decomposing salt, or for the manu- 
facture of superphos|)hates, etc ^ c 

The introduction of the nitre in the form of an<aqueous solu- 
tion of sodium nitrate is undoubtedly the simplest imaginable 
plan for supplying it to the chambers, uniting the advantages of 
both solid nitie and nitric acid — easy regulation, introduction 
of any quantity at a time, dispensing with all apparatus for 
introducing the nitre or manufacturing nitric acid, saving of 
labour and ,coals (in the case of nitric acid), avoiding the 
handling of nitric-acid carboys or of fluxed nitre-cake, the latter 
being an article difficult to utilise to any extent. Unfortunately 
these advantages are counterbalanced by a drawback, which 
has induced most manufacturers who have tried this process 
to give it up: it is found that sodium sulphate crystallises 
in the towers, tanks, and connecting-pipes and causes obstruc- 
tions. It would be necessary to have two Glover towers for 
each set, and to run the nitre solution down only one of these, 
whose acid would not be used for the Gay-Lussac tower, but 
for the salt-cake pans or for superphosphate only. This would 
be very inconvenient, and for smaller works not at all feasible. 

Blinkhorn (B. P. 1084 of 1878) runs a solution of sodium 
nitrate, of .sp. gr. 1-35, in a regular jet upon sulphuric acid 
contained in a pot heated by the burner-gas, and draws off 
the .solution of sodium sulphate from time to time. This 
will hardly decompose all the nitrate ! 

Potut (B, P. 7710 of 1900) injects a solution of sodium 
nitrate between the Glover tower and tRe first chamber ief, 
P. 7I7)- ’ . 

Feeding the. Chambers ivith Nitrous Gases obtained as ^ 
By-products. 

Sevg-al proposals of this kind, partly carried out in practice, 
have h^d no lasting success. Thus, for instance, the attempt 
has been made in France to obtain oxalic acid as a by-product 
in evolving the nitre-gas by heating •molasses with nitric acid 
and cortJucting the vapours into the chambers. The yield 
^of oxalic acid, however, was not large enough to compete 
with its manufacture from sawdust by fusing caustic potash. 
Not mone successful was a | 5 i*c^o^al of* L^ing and Cossins, 
to heat sodium nitrate fvith*arsenious acid or chromium oxide, 
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in order to obtain arseniaies or chromates, together with nitrous 
acid for the chamber-procfss Jahresbcr., 1862, p. 207). 

It is also quite feasible to convey any niUous gas generated in 
making arsenic, antimonic, phthalic acid, etc,, by means of 
nitric acid, which formerly used to be lost, into the lead 
chambers ; but this process, which (like all similar ones) can 
hardly be so conducted as to give a sufficiently regular supply 
of nitre to the chamber_s, is no longer called for, since the 
respective works now regularly regenerate nearly the whole 
of the nitric acid by meVc contact of the vapours with an 
excess of air and wat,er in “plate-towers” or similar apparatus 
Uf. pp. 183 and 659). 

An ingenious process, invcnte.l by Dunlop, was for many 
years carried out by Messrs Tennant at St Rollox, and had 
become very famous, but it w.as not introduced at the new 
works at Hebburn erected by the same firm. A mixture ol 
common salt, nitrate of soda, and sulphuric acid is heated in 
large iron cylinders; the principal reaction setting in is as 
follows : — 

3 S 04 H,, + 2 NaN 03 + 4NaCl -= 3Na„S{), + N.,Os + 4 CI + a'DO 5 


but any further deoxidation of nitric acid must be prevented 
by keeping within certain limits of temperature. Thus there 
remains a soluble residue of sodium sulphate, whilst chlorine 
and nitrous acid are given off in a gaseous state. le wo 
gases are separated by passing them through a .senes of leaden 
Woulfe’s bottles fille’d with sulphuric acid of 175 
retains the nitre-gas, being converted into “ nitrous vitriol 
and used as such {vide infra)-, the chlorine passes through 
irllhout absorption and is utilised for bleaching-powdcr. The 
advantage of this process is, that chlorine is obtained < irect 
from salt without making any hydrochloric without 

employing peroxide of manganese. The drawbacks, are. 
that the niire-gas has to be evolved again from the nitrous 
vitriol, which at that tim(» could only be done by diluting with 
hot water, necessitating a reconcentration of the vit«o> i 
there is a danger of losing nitrogen compounds; and tha he 
apparatus is very complicated. This process consequently did 
not obtain permanent succets,'^nd we abstain fron; giving 
fuller description of it here. 
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At the Uetikon works, near Zurich, nearly all the nitre 
required for the chambers was for a k)ng time obtained in the 
manufacture of iron mordant for dyeing purposes. This is 
made by treating ferrous sulphate with nitric acid, and thus 
oxidising the ferrous to ferric sulphate. The nitric acid is 
thereby reduced mostly to lower oxides of nitrogen ; these 
gases are conveyed into the vitriol-chambers, and there do 
exactly the .same duty as if the nitr^ acid had been directly 
supplied to the chambers. Recently the manufacture of cupric 
sulphate from metallic copper, sulphuric and nitric acid has been 
introduced at the same works, equally carrying all the nitrous 
vapours into the vitriol-chambens. 

Supply of Water to the Chambers. 

The water required to produce H.,SO,j and to dilute this to 
the point required for the practical working of the chambers 
must be presented to the gases in as fine a state of division as 
possible. This was formerly in all cases and is still mostly 
effected by injecting into the chamber a certain quantity of 
steam, which rushes forward and on its way is condensed to 
a mist of very fine particles of liquid water. At many works, 
however, water is now injected in the shape of a mechanically 
produced spray. 

The Steam 

is always generated in an ordinary steair^ boiler, since boilers 
placed above the sulphur-burners have been given ^up every- 
where. The boilers are constructed in the usual manner, but 
are mostly made for low pressure, rarely working above two 
atm., more frequently only at i or i J atm. ; in the south'oi 
France they work at 3 or 3^ atm. A high pressure has no object 
so long §s the liquid is spread over the whole chamber-space ; 
for evefl low-pressure steam fulfils this requirement and suffici- 
ently assists the draught. Low-pressure steam is more easily 
kept at a uniform tension than high-f)ressure: without this no 
regulatidn of the supply of steam to the chambers by the 
^attendant is of any avail. High-pressure steam certainly 
condenses less readily than low-pressure steam ; but this is 
a doubtfui advantage, so long ^s^the steam ^possesses enough 
“carrying-power” to conve/the minute globules of water right 
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to the other end of the chamber. Experience has shown that this 
is the case even w^h lov-pressure steam*; at many English 
works they employ only a single jet at one end of each chamber, 
and consider this quite sufficient to supply the whole chamber 
with moisture, but I do not like this practice (see p. 726). 

Of course low-pressure steam may be obtained from a boiler 
working at high pressure by means of a reducing-valve. Thus 
at the Oker works the ^eam-pressure in the boilers is 3 to 
3«5 atm., and is reduced to i to 1*5 atm. for«feeding the 
chambers. At small worlcs the same boiler may be utilised 
for supplying the chambers and for driving the machinery of 
stone-breakers, air-pumps, and so forth. 

It is also almost a matter of course that the chambers may 
be fed with the exhaust-steam of engines, if these are worked 
in such a way as to leave some pressure in the exhaust. The 
utilisation of the waste steam of the Gay-Lussac air-pump 
for this purpose had been practised by myself for many years, 
as described in the first edition of this work (1H79), Vol. I. 
PP- 393 and 565. A proposal not essentially differing from 
this was patented much later by Sprengel (B. P. 10798 of 1886). 

The Societe L. Vogel, Milan (B. P. 17794 of 1904) procures 
part of the steam for the chambers by taking away part of 
the burner-gas before entering the Glover tower, and passing 
it through a tower packed with stoneware rings or the like, 
which is fed with water or dilute sulphuric acid, whereby steam 
is produced and theij sent into the chambers. 

At scyne large works, in order to control the uniform 
tension of the steam, so important for the regularity of the 
cha mber process, registering steam-gauges are employed, which 
^Bow the tension during the whole day on a sheet of paper 
wrapped round a drum making one revolution in twenty-four 
hours. Such a gauge, made by Schaeffer and Bu^lenberg, 
of Magdeburg, is described in Dingl polyt.J., ccxvii. p. 5^9. 

The conveyance of the steam to the chambers usually takes 
place in cast-iron pipes, ^ith one or more branches for each 
chamber. The main-pipes in any case, and, if possible, also 
the branch-pipes, considering their great length, should be^ 
surrounded by bad conductors lof heat in order to restrict radia- 
tion as much as pos^fible, th avoid a considerabie loss by 
condensation of water. 
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The pipes must always be laid with a slight fall towards the 
)oiler, so that the cofidensed water may run*back. Where, from 
ocal circumstances, this cannot be done, automatic apparatus 
or removing the water should be fixed at the lowest points. 

Of course the size of the main-pipes must correspond to the 
lumber and si^.e of the chambers. When more than one steam- 
)oiler is required, they are placed together and their main-pipes 
:onnected so as to equalise the pressure. The branches for 
jach chamber need not be above i in. wide, even for large 
:hambers (up to 70,000 cub. ft.) suppfied by one jet. They are 
nade of wrought-iron tubes, a (Fig. 242),iSometimes of copper, 



Fig. 342. 


jp to a short distance from the chamber, where they end in a 
:ock or yalve, b, to which a lead pipe, c, equal in width to <2, is 
ittachdi and projects into the chamber itself. It is not, how- 
3ver, burnt to the chamber-side,^; but a short wider tube, df, 
is burnt to this, and c is loosely put into it, the joint being made 
tight wrth tar, cement, etc. Sometimes in lieu of this an india- 
rubber cork is employed, but this does not last long. In the 
latter case, if the outlet is stopped up by lead sulphate, the pipe 
: can easily be drawn out and dehn^d and* nc^ platinum nozzles 
ire required (as had been pfcposed by Scheurer-Kestner). 
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The same cut shows another commendable contrivance, viz., 
a simple mercurial fressu^re-gauge, consisting of a bent glass 
tube, /, with a scale, g, connected by means of a caoutchouc 
bung with a branch, //, of the lead pipe r. Thus the pressure 
behind the regulating-cock can be observed at any time ; and 
the chamber-manager has thus a means of v?ry accurately 
regulating the supply of steam. Any water condensed in the 
gauge can be easily allowed for. ‘ 

A good steam-cock is preferable to a whecl-vaKc, because 
the wheel does not show how far the valve is opened whilst the 
handle of the cock ca® .be fitted with a graduated arc so that 
its position can be fixed with precision. 

Automatic stcam-rcgnlators, if reliable, save a great deal of 
trouble, but do not dispense with constant supervision on the 
part of the attendant, as they are somewhat liable to get out of 
order. 

In England the usual way is, or formerly was, this: to 
employ only one jet of steam for each chamber, mostly beside, 
above, below, or even within the pipe conveying the gas from 
the burners, the Glover tower, or the preceding chamber. Some 
introduce the steam quite near the top, others in the centre of 
the chamber-end. A single steam-jet suffices, if the length of 
the chamber does not exceed about 130 ft. ; in longer chambers 
it would not carry right through. 

It is maintained by English practical men that a single 
steam-jet from a i^in. pipe is (|uite sufficient for feeding 
chambers pp to 130 ft. length, and also that the distribution of 
moisture through the chambers is thus properly effected. By 
a^anging a single steam-jet, the cost of cocks, branches, etc., is 
"^^ed, and the regulation of the supply of steam is much simpler 
and easier than if, for instance, four cocks were to be opened a 
quarter as much as the cock of a single jet. It is also true that 
in this way the front part of each chamber, which makAs most 
acid and evidently requires the greatest supply of moisture, 
actually receives it; but this does not hold good of the first 
chamber, which obtains a considerable portion of its steam 
from the Glover tower, so that a steam-jet placed in the just 
described way is certainly n«t in the right position. The 
steam-jet should gnter the. climber near the top, o;^at least 
in the upper part of the side. Experience has shown that it 
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is not advisable to send the steam into the lower portion of the 
chamber. 

Most experienced managers, however, now agree that the 
single steam-jet for each chamber is a faulty appliance. The 
chamber should not be left to haphazard supply of its different 
parts with thtf necessary amount of moisture, but each part 
should receive just what it needs. 

On the Continent, indeed, most n^nufacturers have always 
preferred eiiiploying a number of steam-jets for each chamber, 
so as to make themselves independent of any casualties in the 
proper distribution of steam by a singk jet. These branch 
jets are introduced at right angles to the direction of the 
gaseous current cither in the long chamber-sides, not far from 
the top, or, which is most usual, through the roof of the chamber, 
so that the single jets can be regulated by a man walking over 
the top. Thus, for instance, at the Oker works there is a steam- 
pipe extending above the chambers, from which, at intervals of 
17 ft, branches of J-in. bore enter the latter; from these the 
steam issues, by several small openings immediately below the 
top, in several directions (Brauning, Prcuss. ZeitscJi., 1 877, p. 1 37). 
A similar arrangement exists at Aussig and elsewhere. In all 
these cases every branch-cock must be regulated separately. 

Where a Glover tower is in use, the first steam-jet should 
not be in front of the first or “ leading " chamber, as this part 
receives enough steam from the Glover tower ; the first steam- 
jet should be 20 or 30 ft., or even farther, Q-om the front side. 

An apparatus by which steam can be introduced at many 
places and yet regulated at a single point has been described by 
Scheurer-Kestner (Wurtz, Diet, de Chimie, iii. p. 149); it is 
shown in Fig. 243 : a is the copper main-pipe running in 
centre of the chamber-top, and held fast by the joist b as 
well as the branches c. The latter are arranged alternately on 
the left and right hand at distances of i6i ft; they are made 
of lead, pass through the chamber-top, and are burnt into it 
The arni d, covered with straw rojfe, serves for making the 
commuhication between a and c. Both pipes have hydraulic 
, lutes, so that only a very low pressure can be employed. The 
main-pipe, a, is provided with a**cock, and the supply of steam 
regulateii by this. The steam, intpring Vihe; pipe at the front 
end of the chamber, ^ill principally escape through the first 
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branches, where it is most needed, because in the beginning a 
large quantity of unchanged sulphur dioxWe is present. The 
pipe a has sufficient fall for emptying the condensed water. 
(This arrangement seems to offer no advantage over simple 
branches on a main-pipe, and has the great drawback that only 
a very low pressure can be employed, as the ^ater is easily 
thrown out of the hydraulic joints a and c. Moreover, it tiis- 
regards the necessity of^ supplying the various parts of the 
chamber with different amounts of steam.) 



Prkis, and copied from it into many other treatises. Here 
the steam-jets are shown partly in the chamber-bottom, coming 
‘uirough the chamber-acid. No practical man can imagine that 
this plan, if it has been actually carried out anywhere, has not 
been discontinued at the first opportunity ; for the shying by 
the steam must gradually cause a leakage at the joint?, which 
cannot be got at, owing to the chamber-floor, nor can it be 
repaired till the chamber kas been entirely emptied. 

The total quantity of steam required for a set of 'chambers, 
which should be known approximately in order to fix upon the 
boiler-space and the size of the main-pipes, ef course depends,* 
first, upon the quantity of sulfur to be burnt, secoq^ily upon 
the existence of a Glover tower, anfl thirdly upon the strength 

3 A 
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to which the acid is brought in the chambers. A general rule, 
therefore, cannot belaid down. Thedtwo letter conditions are 
partly reciprocal ; the stronger the acid is made in the chambers, 
the less water is evaporated in the Glover tower, and vice versd. 

If we assume, adopting a proportion very usual in England, 
that all the chjfmbcr-acid is brought up to 124° Tw., and that it 
is concentrated in the Glover tower up to 148" Tw., the amount 
of steam required will be as follows ^ 

Every po*ind of sulphur burnt requires, 

ist, for forming SO.,Ho, water 0.5625 lb. 

32 32 

211(1, for diluting it down to 124'’ 'Fw. 

( = 70 per cent. SO|H.,), . - 1.3^25 ,, 

^ ‘ 70 X 32 

1.8750 „ 

Of this nothing is lost with the escaping 
gas, as this passes in the Gay-Lussac tower 
through strong vitriol ; on the contrary, the 
Glover tower saves the steam corresponding 
to a concentration from 

124" ( - 70 per cent.) to 148” Tw. ( ~ 80 

per cent.), viz., ^ . . - 0.4375 ib. 

70x32 

Leaving . . 1-4375 >» 

which must be supplied to the chambers. To this*mu.st be 
added a certain quantity for water condensing in the steam- 
pipes ; but this cannot be estimated generally, since here eve^^jg^ 
thing depends upon the length of the pipes, their thickness, 
surroundings, etc. On the Continent the chamber-acid is 
kept mpte dilute and correspondingly more steam is used. It 
is safe to say that the steam to be generated in the boiler, 
without a Glover tower, amounts to about two and a half times 
—with vt,-to about twice the weight of sulphur burnt. 

< Introducti^m of IVaier in the form of Spray. 

Inste,'»d of feeding the chambk^rs with steam, Sprengel (B. P. 
of 1st October 1873) proposed to employ liquid water in the form 
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of a fine spray. His reasons are these: — that the steam 
increases the volume of th^ gases by its heAt, and consequently 
more chamber-space and nitre are required, which can be 
avoided by introducing the water in a liquid form, sufficiently 
divided ; and that the cost of evaporation can be saved in this 
way. The water is made into a spray by the efnployment of 
steam, a steam-jet of 30 lb. tension escaping through a platinum 
nozzle in the centre of a water-jet, as shown in Fig. 244 (where 
a is the steam-pipe, b the water-pipe); 20 lb. 4)f steam is 
sufficient for converting 80* lb. of water into a mist. Such jets 
are arranged in the cUamber-sides, at distances of 40 ft. apart, 
and supplied with water from a tank fixed at some height 
above. Sprengel assumed that two-thirds of the coal can be 



Fig. 244. 


saved in this way, ^stancing the works at Barking Creek, 
where at the same time a saving of 6| per cent, pyrites and 
of I4f per cent, nitre is said to have been effected. At those 
'Works there was no Gay-Lussac or Glover tower. In the case 
of factories working with a Glover tower, Sprengel estimated 
the saving in coal at a third less {Chevi. News^ xxxii. p. 150). 
Of course the water- and steam-cocks must be exactly regelated, 
and the two nozzles must have a particular shape, .so that only 
a fine mist and no larger (irops shall be formed, which would at 
once fall to the bottom and only dilute the chamber-add 

A different way of producing a spray or mist of water 
instead of a steam jet for feeding vitriol-chambers is employed 
at the Griesheim works, and t^s thence been introdi^ed with 
ffreat success into several other fadtoriqp. The spray is there 



730 CONSTRUCTION OF THE LEAD CHAMBERS 


not produced by the injection of steam, but by allowing 
the water to issue! at a pressure cof 2 'atm. from a small 
platinum jet against a small platinum disc. Two rows of such 
water-jets arc introduced through tul)es in the chamber-top, 
each tube about 20 ft. away from the otlicr. Thus the whole 
chamber is utiiformly filled with a fine mist, which, together 
with the steam coming from the Glover tower, supplies all the 
water reeiuired for the chamber-process. The water must be 
carefully filttrc'd, as otherwise the jets would .soon be stopped 
up; but this trouble is far more tlian compensated by the 
considerable saving in fuel caused by doing away with the 
chamber boilers. The fear formerly entertained, that the intro- 
duction of the moisture in the shape of liquid water would 
reduce the temperature of the chambers below that most 
favourable for the acid-making process, is entirely groundles.s. 
At Griesheim it was noticed that the temperature of the 
gases, arriving from the Glover tower sometimes at only 35” C, 
quickly rose within the chambers to 50" C. Similar observations 
have been frequently made, most extensively by Lunge and 
Naef {cf. Chapter VII.). This is explained by the fact that 
the evolution of heat, consequent upon the chemical reactions 
going on within the chamber, is far more important than the 
heat brought in by the steam, and that, in fact, the local cooling 
produced by the water being supplied in the liquid form is 
actually beneficial in most cases. 

It might be objected to the introduction^ of the water in the 
shape of a spray, that steam is preferable on account of being 
only gradually condensed in its onward course within the 
chamber, and that the moisture would thus be more uniformly 
distributed through the chamber. Hut this objection is nol 
at all valid, and would not be so even if no sulphuric acid were 
present* in the chamber. Calculation shows that the gaj 
introd6ced for each kilogram of sulphur, whose volume at 50' 
C. and 760 mm. pressure amounts to 8345 1 ., can contain only 
0-6868 kg. of aqueous vapour, whilst the total amount of watei 
is nearly four times as much, and three-fourths of the steam 
entering into the chamber must therefore be at once condensec 
into water. This calculation, given in our first edition, pp. 34? 
and 345/^*' is not repeated here.'^sipce it^ dpes not take intc 
account the fact that tlfe tension of aqueous vapour within the 
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chamber is very much reduced by the presence of sulphuric 
acid, and it is hence useless for our purpcfee. Ilurter (/. Soc, 
Chem. Ind.^ 1882, p. 51) somewhat more correctly applies to 
our case Regnault’s table for the tension of aqueous vapour in 
sulphuric acid of various strengths, and he there gives a diagram 
which allows of finding this tension for any int?rmediate con- 
centration of acid. But this is incorrect for the principal 
working part of the vitri(^-chamber ; for Regnaults determina- 
tions only go as far as 35” C, that is much below fhe ordinary 
chamber-temperature, and it is not admissible to calculate 
tensions at 60'', 80°, •or even higher temperatures by simply 
applying Regnault’s table or Hurter's diagram to them. This 
gap has been filled by a set of elaborate observations made by 
Sorel, and first rendered accessible to the public by me (Z. 
angew. Chem.^ 1889, p. 272). Sorel’s table extends to acids 
from 44 to 82 per cent. and to temperatures from 10' 

to 95°. VVe have given it in Chapter III., p. 312, where 
the specific gravities corresponding to the acid percentages 
have been added for the reader’s convenience. At the close of 
this chapter we shall give a table for reducing volumes of 
gases to the conditions of the vitriol-chamber atmosphere, 
which equally takes into account the aqueous-vapour tensions 
of sulphuric acids of various strengths. 

The importance of this table will be indicated at present 
by only one example. In a special instance the temperature 
close to the chamber».Mde was 80'’ ; the acid running down the 
side stood*at ii4°Tw. = 66 per cent. HgSO^, and the aqueous* 
vapour tension at this place wa.s, therefore, =39 mm. Only 
6 cc. (say 2 \ in.) within the chamber the temperature was 
already 95° ; but at this temperature an acid, whose aqueous- 
vapour tension is =39 mm., must have a strength of 128^" 
Tw. = 72- 33 per cent. H2SO4, and this was found to be really 
the case. We shall see the importance of this in Chapter VII. 

Looking at the great reduction of the tension of aqueous 
vapour by the presence t)f sulphuric acid, we must .conclude 
that the steam introduced into the chamber must be condensed 
almost immediately into a liquid mist, and this must reduce the 
alleged superiority of steam in|“ carrying power” to a properly 
comminuted spray# of* water, introduced at high preif.sure, to 
almost nil. 
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Of course the water must be properly pmminuted; other- 
wise, that is when it drops from the ‘jets in the shape of rain, 
it dilutes the chamber-acid to an intolerable degree, and this 
is all the more injurious as this dilute acid floats on the top of 
the stronger chamber-acid, and is not noticed for a long time 
at the places where the acid is drawn off, till it becomes too 
late to meet the evil at once. T his accident will happen when- 
ever the jets are out of order, and this has, very unnecessarily 
caused several works to abandon t|;\e plan of introducing the 
water in the shape of a liquid spriiy. 

A special platinum jet for converting* water or acid liquids 
into a thin spray has been constructed by F. Benker, of Paris, 

and is shown in Fig. 245. In 
this jet the distance between 
the nozzle a and the disc b is 
adjustable, the disc being moved 
backwards or forwards by means 
of a rod, at the end of which is 
cut a fine thread, which works 
in a similar nut placed on the 
top of the cylinder. The screw 
and nut are made of an alloy 
of platinum and iridium, so that 
there is no fear of their wear- 
ing out. In this manner the 
best distance between a and b 
can be easily attained, and by 
removing b altogether the 
nozzle a is easily cleaned. More 
recently Benker has employed 
spray-producers of the shape 
shown in Fig. 246, with the 
platinum-iridium jet cased in 
antimony-lead, and without an 
adjus*ling-screw. 

Korting Brothers* spray-pro- 
ducer (Fig. 24j){Z,angew. Chem,^ 
1888, p. 404) contains within contracted part a metal spiral, 
which ^ the pressure of the liquid is kepbtightly in its place, 
whilst the liquid on passing through the helicoidal channel takes 



Fig. 345- ^47. 
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a rotating movement, so that, on issuing, it is projected equally 
on all sides as a coftical spray. The 
nozzle and spiral spring can be 
arranged for spray of any degree of 
fineness. This apparatus was origin- 
ally intended for damping the air in 
cotton-mills, etc., for precipitating 
dust, for absorbing acid vapours, 
and so forth. It has also been 
made of platinum, and is* in several 
places used for producing a fine 
spray of water in vitriol-chambers. 

These Kdrting’s spray-producers 
(“ Streudiisen”) were also made of 
antimony-lead with a platinum lining, 
but this did not stand the corrosion 
in acid-chambers, and had to be re- 
placed by solid platinum nozzles. 

Even these do not last so long as 
nozzles made of glass, as shown in 
Fig. 248, The glass tube a is drawn 
out to a capillary point at a\ where 
it is cut off quite straight so that the 
jet of water comes out centrally, not 
sideways ; in twenty hours 900 or 
ICKDO 1. of water should be delivered 
from thi^ This glass nozzle is fixed 
in the antimony-lead part by means 
of a thin india-rubber washer the 
joint being made tight by the water 
pressure, and both orifices being at 
the same level. Within a the Kdrt- 
ing spiral e, made of gun-metal (this 
metal can be employed, as no acid 
penetrates here), is fixed hy the thick 
india-rubber tube c. This apparatus 
is set in the chamber-top in such a 
way that the jet comes out Iy)rizon- 
tally, and that th^ whole canJjc removed at will for tl^ purpose 
of cleaning or inserting a new glass noatlc. 
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Fig. 248. 
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In practice the orifice of the glass tube a is about 075 mifi. 
bore, that of the har(S-lead nozzle c/ 4 nrm. wide. In order 
to fix a in the hard-lead part the small india-rubber washer 
^ is put oil and placed with its orifice at the top, and d is put on 
with a twisting motion, but without exercising much pressure or 
trying to ccntfe a exactly in d, the water pressure afterwards 
accomplishing this much better. With a pressure of 3 to 5 
atm. and a properly adjusted nozzle no droplets what- 
ever are forpied, but a uniform mist travelling over a great 
distance. The Kortnig spray is bodght in the ordinary way, 
and is fitted at the works with a glass jet^as shown here with 
every detail 

Glass. nozzlcd spray-producers, precisely as here shown, have 
been employed for many years at one of the best conducted 
continental factories, and are still preferred there to every other 
form of apfiaratus of this kind. Since their introduction all 
previous tmuble in feeding the chambers with liquid water has 
disappeared. The orifice of the glass jet has | mm. bore, that 
of the harddead nozzle 4 mm. bore. Jacobs, in his Ger. P. 
14 1 45 3, describes a special spray-producer for lead-chambers. 
Guttmann ( /. Soc. Chem. Jmi, 1903, p. 1333) and Falding {Min. 
Ind.y 1901) strongly recommend the use of a water-spray in lieu 
of steam in the acid-chambers. 

Djpring the warmer portion of the year the whole of the 
chambers can in any case be supplied with water as a spray ; 
but in the winter season in some places the back part of the 
system must sometimes get a little steam. 

For all descriptions of spray-producers the water must be 
carefully filtered, preferably by means of sponge-filters. Benker, 
moreover, places wire gauze in front of every .spray-producer. 
He works these at a pressure of from 2\ to 5 atm., by 
' means of a small intermediate cylinder, about 3 ft. wide and 6 
or 9 ft« high. For the first start a little high-pressure air is 
employed ; afterwards the feed-pump gives sufficient pressure, 
which can be reduced by means of ^ tap if too much water is 
discharged. 

This plan is very well illustrated by Figs. 249 and 250 
(folding-plate), which at the same time show a chamber as 
erected b^ Mr Benker for the “inlpnsive production” or “high- 
pressure style ” (pp. 639^ et A*is a smafl air-pump, B the 
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water-pressure vessel, made of an old steam-boiler,* with two 
safety-valves, a an(> b. Gne of these, destined for the air, is 
very small ; but the other, for the water, must be large enough 
to discharge the whole of the water supplied by pump D; 
otherwise B might burst. The second valve is weighted J 
atm. more than the air-valve. The level of tf!e water in B 
must be kept 12 in. below the top. Pump D is an ordinary 
feed-pump, kept continuously going; between B and 1 ) is 
interposed the spongc-filfer C. The water rises in the high- 
pressure pipe EE to the*top of the chamber, where there arc 
taps, c f, at distances 7 )f about 16J ft. Behind each tap is placed 
a leaden filter (shown on a larger scale in Fig. 251), with a very 
fine wire-gauze sieve ; then 
comes a swan - neck pipe, 
which passes through the 
chamber .top, and this ends 
in a spray-producer, Fig. 246 
[or else 248]. From time to 
time the air-tap on B is 
opened in order to replace 
the air dissolved by the 
water under the high pres- 
sure. Kestner (/. Soc, Chem. 

Ind., 1903, p. 344) strongly 
recommends' this apparatus. 

Rabe (Z. angew^Chem., 1906, p. 2079) describes a controlling 
apparatus^ for spray-producers in the chambers, consisting of a 
glass tube, interposed in a suitable place of the entrance pipe, in 
which tube is placed a glass ball, which takes a higher or lower 
position, corresponding to the quantities of water flowing through 
the tube. A tap in the same place admits of regulating the 
corresponding tuyere. In this way the, whole of the spray- 
producers of a set of chambers may be regulated from a single 
place, without checking each individual spray. 

Gaillard (B. P. 1 1732 af 1908) describes the arrangement of 
conical extensions in the roof of the chamber, to increase the 
height of the nozzle of the spray-prcTducer ; a tray is placed 
underneath to convey any water entrained in a coarser state 
away from the cTOrabcr, in.stcad of diluting the ohamber- 
acids. 
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Scherfenberg and Prager (Ger. P. 219789) supply the water 
required for the chamber-process, by spraying it upon undulated, 
perforated surfaces inside the chamber. Before the water 
arrives at the bottom, it is converted into sulphuric acid. By 
this means the chamber-space is much better utilised, similar 
to reaction tdVers. In the cooler back part of the chambers 
steam may be used in lieu of water, as it here condenses at once, 
and the higher temperature thus produced is useful. In lieu of 
water, diluta acid may be used for this purpose. 

Delplace (Fr. P. 3421 17) washes cooled burner-gases with 
strong sulphuric acid, in order to take out any SO.j present, 
compresses them, and then applies them to injectors by which 
the water for the chambers is converted into a spray. 

Fig. 252 shows the spray-producers model of 1909, as now 
preferred by Koerting Brothers. They produce a flat, horizontal 
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Fig. 252. 


spray^ and are made of acid-resisting metal. They are placed 
in the hydraulic seal. A, which is otherwise closed by the cover, 
B, and arc put in their places only when thq. chamber is already 
at work. They are left in action when taken out for revision, 
and are joined to the water-main by lead piping. In order to 
prevent their being stopped up too soon, a gravel- and sponge- 
filter is interposed in the water main. 

A. Primavesi, of Magdeburg {C/ievi. Zeit, xxx. p. 300), 
supplies low-pressure ^pray-producers with an ebonite nozzle. 

Schiite and Koerting, in Philadelphia, make spray-producers 
with glass-nozzles. 

A special advantage of the introduction of liquid water in 
the form of spray is that the temperature of the chambers is 
kept lower than when employing steam, since the latent heat of 
the latter, which becomes free in its condenj^tion, does not come 
into plaji. How useful such a cooling efiiJcWis, will be seen in 
Chapter VII. The onl^ drawback to the spray system is the 
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liability of the orifice of the spray-producer to get choked up 
by dirt, or else to*be widened by corrosion. The former is 
avoided by careful filtration of the water, the latter by a 
suitable construction. Glass nozzles, as shown above, are much 
better even than platinum. I have found this ^stem applied 
for many years with full success in a number of the best 
managed works, e.g. Griesheim and Aussig. Wherever it has 
proved unsuitable, this has been due to want of attention. 

Benk^r and Hartmann (Z. angeiv. Chem., 1903, p. 864) make 
the following calcuktion. Each gramme-molecule of SO3, 
(64 g.) according to Lunge's calculations, on its conversion 
into H3S04,3H20 (which is the approximate composition of 
chamber-acid) liberates 65,500 calories. These 64 g. SOg 
require for their conversion into sulphuric acid of the above 
strength 72 g. water. Each gramme steam, introduced into the 
chamber (at 60'’) with a temperature of 120"', yields 606*5 
(0*305 X 1 20)- 60= 583 cal. Hence the total heat evolved is: 
65500+583x72= 107,476 cal. If, however, the water is 
introduced in the liquid state at 15'’, it must be heated up to 
60°, and that amount, 72 x 45 = 3240 cal., must be deducted from 
the 65,500 cal., leaving but 62,260 cal, or a difference of 45,216 
cal. against the case of steam. But it is not possible in all cases 
to feed the chambers exclusively with sprayed water in lieu of 
steam ; especially during the winter months a certain aipount 
of steam must be employed, in order to prevent the temperature 
from going down below a certain minimum. That minimum is 
Of to 65# ; the differepce between the temperature of the [first] 
chamber and the outer air must not be essentially below that 
amount. Where the chambers are driven slowly, only little 
sprayed water can be employed. The saving of coals by replac- 
ing the 500 kg. steam, required for 1000 chamber acid, by liquid 
water, may be put at 75 to 100 kg. — Those views h^ve been 
later on discarded by their authors; in a paper published in 
Z. angew, Chem.^ 1906, p. 135, Hartmann and Benker now 
insist on the total exclusJbn of steam from the chambers. 

In the d^ 2 nd Report on Alkali Works for 1905, p. 17, we find 
the following passage : — “ The testimony as to the advantage of 
replacing steam by water sprays in the earlier chambers of a 
series is decidedly confliejing. In some works, whefe a long 
trial has been given, their use has bojn abandoned. Success 
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depends upon the observance of minute and exact precautions 
that are necessary for ensuring thb conAant supply of the 
requisite quantity of water without liability to interruption. 
Moreover, it is only in the earlier chambers of a series that 
steam can be replaced by atomised water, since in the back 
chambers, especially in the winter season, presence of steam is 
necessary to maintain a suitable temperature for continuity of 
reaction among the gases.” The Report for 1906, p. 24, 
on the othe» hand, gives a very favourable account of ^he entire 
replacing of steam b)v water-spray in a factory where there was 
a certain amount of irregularity in the work. 

Dilute sulphuric acid, e.g. from the last chamber, instead of 
pure water, is used for the introduction into the chambers by 
spray-producers by several inventors, eg. Guttmann (B. P. 18927 
of 1906), Rabe {Z. argew. Chem., 1910, pp. 8 to 12), Scherfenberg 
u. Prager {supra, p. 736), etc. 


Production of the Draught in Vitriol-chambers. 

The draught necessary for working a‘cid-chambers is produced 
by various agencies, the most important being the high 
temperature with which the gases leave the burners and enter 
the chambers, which counterbalances the greater density of the 
burner-gases when, compared with that of air in the cold state. 
We shall calculate these factors for the various cases in question, 
employing the following values for the density of gases and 
vapours at o'’ C. and 760 mm. mercurial pressure^ : — 


I 1 . of dry atmospheric air weighs 


grammes. 

. 1-2932 

I „ oxygen „ 


. 1-4298 

I „ nitrogen „ 

. 

. 1-2562 

I „ sulphur dioxide „ 


- 3-8721 

IV „ aqueous*" vapour „ 

• 

- 0-804343 


We shall begin with burnergases from brimstone, the normal 
composition of which has been calculated (pp. 5 36 et seq,) = 0-1123 

* The litre-weights employed differ slightly fr m the more recent values, 
given, eg., in my Technical Chemists^ Handbook, 1910, p. 16, but it did not 
seem worth the while repeating all the calcul^t^ns, as the practical 
conclusion? drawn from them remain entirely unchanged, the deviations of 
the figures being quite immafCrial. 
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SOjj-f 0-0977 OH-o-7900 N = i 1 . of gas. This must weigh 
at 0° and 760 mm.* presstire : 

0.1123x2.8731+0.0977x1.4298 + 0.7900x1.2562 = 1.4547 g- 


Taking the temperature in the outlet-pipe from the brim- 
stone-burner to average lOo'" C. (which is much bftlow the actual 
temperature), the above 14547 g. would occupy a space of 

= 1.3663 1 ., ot^ I 1 . of the burner-gas at 100'’ C. 

273 ^ • . 

and 760 mm. = = 10647 g. 


Atmospheric air at o" and 760 mm. pressure weighs per litre 
1-2932 g. ; at 20*" this quantity occupies the space of 1-0733 
1., at 35 ==11282 1., so that even at the highest summer 

temperature, say 35 C., I 1 . of air weighs as much as 

= 1-1463 g. ; it is therefore in any case heavier than the burner- 
gas at 1 00^ C. 

The aqueous vapour always present in the air need not be . 
taken into account, since by its expansion in the heat of the 
burner it can only increase the difference between the weight of 
the gas and that of the air. 

Owing to the fact that the gaseous mixture in the vertical 


pipe of the sulphur-burner is lighter than air, it must issue out 
of the top of the pipe into the chamber with a speed correspond- 
ing to the excess •pressure of the atmosphere acting upon it 
from belpw. It must therefore by itself exercise a pressure 
upon the gas in the lead chamber. Its speed or the draught 
increases with the height of the vertical pipe ; and the latter 
therefore ought to enter the chamber-side as high up as possible. 
By thus providing more than sufficient drawing power, the 
supply of air is assured in any case ; and its excess cajp always 
be moderated by narrowing the area of the inlets. • 


A second cause of draught is the formation of sulphuric acid 
itself, as the space occupied by the consumed gas cannot 


remain empty, and must at once be filled again. The condensa- 
tion of the gas to sulphuric acid thus acts as an aspirator. 

A third cause o^Iraught is the vertical pipe taking the gas 
away from the lastTeSd chamber or the chimney with*which it 
is connected. As the gas in these contains all the nitrogen 
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introduced into the chambers with only 5 per cent, of oxygen 
(a mixture of 95 vols. N + 5 vols. G has the litre weight gr. 
1-263; ordinary atmospheric air 1-293), as it is saturated with 
aqueous vapour, and as it is usually warmer and never can be 
colder than the atmospheric air, it must necessarily be lighter 
than the latter*; this is evident without any calculation. 

If the nitrogen-acids are not recovered by a special process, 
to be explained later in the next chapter, the gas certainly 
contains a little of those acids and of sulphur-dioxide, by which 
its specific gravity is somewhat increased. We shall, however, 
see that their effect is very slight, and 'docs not materially 
interfere with the causes producing the draught. 

The draught produced by all the above-mentioned causes 
regulates the quantity of air which can enter the apparatus by 
openings of a certain size. We have already seen, on p. 556, 
that we must not introduce the exact quantity of air required 
for transforming the burnt sulphur into SO;,, but a certain 
excess, which we have calculated = 5-18 vols. of oxygen upon 
each 14 vols. of SO.^. With thi.s, for each 14 vol.s. of SO.^, 

14 + 7 + 5.18=-- 21+ 5.18 - 26.18 vols. oxygen, 
and 79+19.50 - 98.50 „ nitrogen, 


together 124.68 ,, atmospheric air, 
must be introduced into the chambers. From this it follows 
that for each vol, SO.^ * ~ 8-906 vols. "bf air are required. 

Now I 1 . of SO^ at and 760 mm. pressure weighs 2-8731 g., 
and SO., consists of equal parts by weight of sulphur and 
oxygen. Accordingly i 1 . of SO.> at o*" and 760 mm. contains 

= 1-43655 g- sulphur, 

\ 2 * 

' and 1.43655 g- oxygen- 


Thus for each 1-43655 g. of sulphur burnt 8-906 1 . air at o® 
and 760 mm. are required. Since 

1.43655 : 1000 : : 8.906 : .v 
each 1006 g. or i kg. sulphuf requires ^ 
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and 760 mm. pressure to be introduced into the sulphur- 
burner, weighing 6i^9X 1-2^32 = 8017 g. or 8 0 17 kg. 

At 20° C. this weight would occupy-y|^?^ x 6199 = 6653 1 . 

All these calculations refer to dry air. If the air is saturated 
with moisture, its volume is increased by the vajfour-tension e 
for the temperature in question, according to the formula : 


^ VX760 
, ' 

where b is the actual Rarometric pressure. At 20 C., <’ is= 17-4 
mm., and for /; = 76o the above 6653 I. will be = 6809 1 ., if 
.saturated with moisture. 

The last increase of 156 1. is only fully realised in the 
exceptional case of air completely .saturated with moisture. 
As this increase is only 2 34 per cent, of the volume of the 
necessary dry air, whilst, according to the calculation on p. 557, 
nearly 25 per cent, of the. theoretical quantit)’ of air (that is, 
more than ten times as much) is introduced in excess, the 
changes in the moisture (A the air and the differences of volume 
resulting therefrom arc of no practical consequence. We shall 
therefore not enter into a calculation of the differences caused 
by the real percentage of moisture in the air. 

In the case of pyrites-kiln gases, it follows, from the data 
given on p. 558, that for each 100 parts of sulphur empfoyed 
as FeS.2, • * 

37^ parts oxygen must be supplied for oxidising the Fe, 
rooo „ „ „ forming SO^, 

500 „ „ „ oxidising this to SO3. 


Since i 1. of air at o and 760 mm. pressure weighs 1-4298 
g., at this temperature and pressure 

375 give 262-3 1 . mixed in the air \\’\th 986-7 1 . N. / 


1000 „ 

», 699-4 „ 

„ 

„ 263 M „ 

500 „ 

tt 349*7 » 


M 131 5*5 

CO 

M I 3 ”* 4 * n 


„ 4933*3 


Theoretically, then, for each kilogrtfm of sulphur consumed 
as FeSg, 131 1-4+493>3 = 62447 ^ pressure 

must be supplied. • • 

The normal pyrites-burner gases, *as calculated, p. 559, contain 
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8*59 per cent, by vol. SOg, 9-87 0 , and 81-54 N (not reckoning 
any SO3 present). ' " 

I 1 . of this gas at 0° and 760 mm. weighs 

0.0859 X 2.8731 +0.0987 X 1.4298 + 0.8154 X 1.2562 = 1. 4122 g. 

whilst the i •!. of the gas resulting from the combustion of 
brimstone, according to our former calculation, weighs 1-4547. 
The former being, under equal conditions, lighter than the 
latter, consequently gives stronger d^-aught. 

Of course the volume of air necessary for a certain consump- 
tion of sulphur is also dependent upon th^ elevation of the site 
above the level of the sea, which regulates the mean barometrical 
pressure. Thus at Munich a quantity of air will occupy a space 
larger by 5*5 per cent, than the same quantity at Widnes or 
New York. 

It is easy to introduce the minimum of air required for 
proper work. But this is not all ; an excess of air is just as 
injurious as a deficiency, although not to the same extent. Air 
in excess cools the gas, and thus may sometimes interfere with 
the process ; it fills a portion of the clfamber-spacc and renders 
it inoperative ; it dilutes the gas and weakens the energy of the 
chemical action. The regulation of the supply of air must 
there Tofe be accurate, and must be adapted to the frequent 
variations in the ^tate of the atmosphere. This must be done 
by great attention in enlarging or diminishing the openings 
serving for introducing the air and for taldng away the gas. 
In both of these ways the supply of air can be diminished ; but 
it is not indifferent which of them is selected. By the latter the 
draught acting upon the contents of the chambers at the end of 
the apparatus, by the former the pressure upon the contents of 
the chambers at the beginning of the apparatus, is lessened. 
With the latter method the pressure inside the chambers is 
increased ; with the former it is diminished. Accordingly, if 
the chimney-draught is too much cut off, the gas issues forcibly 
from any openings in the chambers?, etc., whilst the air may 
enter properly by the holes in the front of the sulphur-burners. 
If, however, these latter* are stopped up too far, the chambers 
suck in air in any places not completelv closed against the 
atmosphere. 

The draught may dso *be increased in two different ways, 
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viz., by enlarging the opening in the exit-tube, or by increasing 
the inlet-holes in th^ door* of the burner. Then the chambers, 
if the exit-tube is not sufficiently closed, suck in air ; if, on the 
other hand, the inlet-openings are too wide, gas is forced out 
from any leaks in the chambers by the excess pressure. This 
is especially noticed when the doors arc opened *for charging. 
Both faults can be avoided by arranging a certain proportion 
between the inlet and the outlet openings. Usually the area 
of the latter is two-thirds that of the former. For Hie changes 
of draught made nect^ssary by the variations in the state of the 
atmosphere no certain rules can be given ; observation and 
practice must come into play here. In well-arranged works, 
however, this is not left to chance, but the supply of air is 
checked by regularly estimating the oxygen in the escaping 
gas, as we shall see later on. 

We have thus seen that the hot ga.seous mixture in it.self 
contains the conditions for causing a draught, since it is much 
lighter than the air, and will always have a tendency to rise from 
the burners to the chambers. We must also point to the second 
source of draught, viz., tlie formation of liquid sulphuric acid 
within the chambers from the mixture of the ga.scs, which must 
necessarily have an aspirating action, although not only from 
the burners, but from all sides. 

Together with these two sources of draught furnished by the 
peculiar nature of the acid-making process itself, there must 
always be another iii*rangement for causing further draught, 
especially •because otherwise the current of gas could not be 
turned into the required direction. In the simplest case a plain 
outlet-pipe behind or above the last chamber will suffice. The 
Belgian Commission of 1854 even preferred this arrangement to 
a chimney, because the latter might produce an excessive 
draught ; and many factories work quite well in this way. But 
it cannot be said that the excessive draught of a chimney must 
lead to a loss of uncondensed gas and too quick a passage 
through the chambers ; fdt it is always very easy to cut off an 
excess of draught by a damper, etc., in the outlet; but it is 
nothing like so easy to increase the draught in the outlet-pipe 
or chimney if insufficient. For the latter object a steam-injector 
placed in the outlet-{)ipe was formerly considered the most 
convenient apparatus. Sometimes, in Iteu of a proper injector, 

3B 
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a simple steam-jet, turned in the direction of the draught, is 
employed ; but this is a very wasteful proceeding, and a proper 
Kbrting’s injector, made of regulus metal (lead and antimony), 
should always be employed. Such injectors can be applied in 
various places. Scheurer-Kestner {l^ulL Soc. Chim.^ xliv, p. 98) 
describes hi^ experience in this direction. He employed a 
Korting’s injector which produced a gaseous mixture of 7«9 per 
cent, steam and 92-1 per cent. air. Thus a quantity of 1814 kg. 
of water is the shape of steam sufficed for aspirating the air 
required for burning 7000 kg. of 45 ‘per cent, pyrites. At first 
the injector was placed in the pipe entering into the first 
chamber. This is the best place, where there is no Glover 
tower, as the steam used in the injector also serves for working 
the chambers, and thus costs nothing ; but in case of a Glover 
tower this produces an excess of steam in the first chamber. 
The regulus metal of the injector in his experiments wore out 
pretty quickly; nor could it be replaced by porcelain, which 
cracked very soon ; a thin casing of platinum, however, was 
found sufficient for protecting a regulus injector. It was tried 
to place the injector between the fi?st and second chambers, 
but here also too much steam was introduced into the chamber. 
This is avoided by applying the injector at the exit from the 
Gay-Lussac tower; but then all the steam is lost and the 
process is thus ipacle expensive. In the case of seleniferous 
pyrites the injector between the burners and the chambers 
is stopped up so quickly by a deposit oi» selenium, that two 
injectors must be employed side by side, one of wfyeh can be 
cleaned out while the other one is going. 

Steam-injectors between the Glover tower and the chambers 
are, as we see, impracticable. This holds good of any place in 
the system, except in the exit-pipe or chimney itself. But 
in the chimney whpre the steam cannot be utilised for the 
chamber process, they cause considerable expense. 

Chimneys,— It, must not be overlooked that in the case of 
employing steam-injectors a regulation is all the more called for, 
lest the draught should be too strong ; and in the end a cheap 
source of draught, viz., the chimney, has been replaced by a dear 
one, without any gain as to constant supervision and regulation. 
We should accordingly in ordinary cases prefer a chimney to a 
steam-jet, all the moroias the fornier will always be necessary 



PRODUCTION OF THE DRAUGHT 


745 


in any case for the steam-boilers. Of course the chimney, to 
do its work, must be higher than the chambers. 

Where a chimney cannot be employed for one reason or 
another, nothing remains but to have recourse to a mechanical 
contrivance (fan-blast), as will be described below. 

It answers much the same purpose as a cliimney if the 
outlet-pipe fixed to the last chamber has a considerable height 
— for instance, 50 ft. (a.s is the case in the south of France). 
Where several sets of chr^mbers exist in the .same«works, it is 
preferable to carry them all into a common chimney, j)roviding 
the connecting-pipe of each set with a contrivance for regulating 
the draught. It is not a good plan to utilise for the chambers 
a chimney with which ordinary furnaces are connected, a.s the 
draught will be of a very variable character in this ca.se, and 
the working of the chambcr.> will not be easily kept entirely 
regular. Still, at .some works this plan cannot be avoided, and 
mu.st be provided for by more careful regulation of the draught. 
In such works more than anywhere else the automatically 
acting dampers, de.scribed below, are recommended to be 
used. ' 

The employment of a chimney is even more advisable if, 
as is now the case in all well-appointed works, a Gay-Lussac 
tower is placed at the end of the set. In this ca.se the draught 
must be regulated with even greater care than otherwi.sej but 
there must be an exce.ss of draught at disposal to begin with. 
It is also a great improvement if the “sight” necessary for 
checking, the work of the tower (4/. Chapter VI.) can be 
arranged in the down-draught near the ground-level, or at 
least the gangway round the chambers. If there is no down- 
draught, but a direct top-draught out of the tower, it is always 
necessary to mount to the top to observe the “sight.” It is 
certainly quite possible to employ the tow,er itself as a qhimney, 
if it is built with its top a good deal higher than the eSambers ; 
and this is actually done at a good many works, but probably 
in some cases only beoause there is no chimney available. 
The drawbacks of this plan are well illustrated by the following 
passage from the official Alkali Reforts, No. 21 (for 1884), 
p. 74: — “No. 2256. /The vitriol-exit from the plant in which 
the pyrites-smalls are burnt used to be at the top of ihe Gay- 
Lussac tower. I found an exceedmgljs high escape from here 



746 ^CONSTRUCTION OF THE LEAD CHAMBERS 

on my first three visits. The manager has since connected this 
exit to the main chimney, and now fi«ds hercan better regulate 
the draught in his chambers. Since this has been done the 
tests have been invariably good.” 

The chambers at Oker, utilising the configuration of the 
ground, are afranged in such a way that the burners, Glover 
towers, chambers, and Gay-Lussac towers rise one above the 
other, terrace-wise. The outlet of the whole is at a height of 
62 ft. abova the level of the burner-grates. Drawings of this 
arrangement are given by Brauning‘(/’r^a«. Zeitsch'r.f. Berg-, 
HUtten- u. Sa/inenivesen, 1877, Table ll.j. It is stated there 
that formerly the draught could not be made sufficient, even 
by connecting the Gay-Lussac towers with the boiler-chimneys. 

1 have received the following notes concerning the Oker 
system during 1902 :-A set of chambers, started in October 
1883, was formedy connected by a 2-ft. pipe from the Gay- 
Lus,sac towers with the steam-boiler chimney. The draught 
was good, but the chimney, made of common bricks, suffered 
very much. Since 1896, when the chimney became superfluous 
through the centralisation of the boiler plant, the gases have 
been passed straight out of the Gay-Lussac tower in all five 
'-hamber.s. The draught is quite sufficient, without any 
artificial help ; but this is easy to understand from the con- 
ditions described ,above. There is also the convenience of 
running both the chamber-acid and the Gay-Lussac acid into 
the Glover tower by natural fall. 

It has been noticed at Oker that a very long draught-Dine 
connecting the last chamber with the tower, has the advantage 
of neutralising to some extent the oscillations of the outer 
atmospheric prc.ssure, and thus facilitating the regulation. Be 
this as It may, such a long pipe, although it causes some loss of 
draught^by friction, yyill always be very useful, by cooling the 
gas previously to entering the absorbing-tower. The same has 
been found at the Stolberg works (1902). 

Very frequently one chimney has<o serve two or more sets 
of chambers. It is perfectly well understood, from innumerable 
analogous cases in ordinary firing operations, that, where several 
apparatus are served by the same chimr^y, special care must 
be tak«i that they receive the same- amount of draught 
Wherever possible, the .main flues are taken separately to the 



PRODUCTION OF THE DRAUGHT 


747 


chimney and are introduced into the latter in such a way as 
not to interfere ohe with another, which can be attained by 
erecting mid-feathers within the chimney. Where it is neces- 
sary to connect several sets of chambers with the same main 
flue, it must not be overlooked that the draught is stronger in 
the part nearer than in the part farther removed from the 
chimney ; by suitable arrangement of the dimensions, by avoid- 
ing sharp angles in the places where the branches form the 
main flu^, by mid-feathers, and by regulation means of 
dampers, a proper equalisation can generally be attained. 

Other arrangeiiietits . — Sometimes none of the ordinary 
measures secure an equal draught for two sets of chambers, 
even when the flues from these meet about the same distance 
from the chimney. In such cases it is best to make the 
individual flues end in a large chamber, from which starts the 
main flue leading to the chimney, and to fill this chamber 
loosely with bricks, of ( Our.se not to such an extent that the 
draught is too much rc.stricted. This produces numerous small 
and constantly changing currents, which prevent any one of 
the large currents getting the advantage of the others, and 
thus equalises the draughts. 

C. L. Vogt has patented (H. T. 29th July iiS75) a peculiar 
contrivance for producing draught in acid-chambers, which 
introduces the air together with the nece.sskiry steam tlyough 
a pipe with an opening of J in. The steam is under a pre.ssure 
of 3 to 4 atm. St^rbl {Fabricatiou, etc., p. 291) states that this 
had beea practised in France twenty years earlier. Such a 
contrivance is only exceptionally called for ; but there arc cases 
in which a supply of air behind the burners seems desirable 
(Chapter VII.). 

At some factories they work in this way : the Glover tower 
is packed very loosely, and itself acts as « chimney, .sq that the 
burners have alwa)'s very good draught and never Wow out, 
whilst it is quite possible at the same time to keep the exit 
draught so low that thei^ is some little outward pressure even 
in the last chamber. In the next chapter we shall describe an 
arrangement by which this aim can* be attained even more 
perfectly. ^ 

Regulation of the Draugfit. — We^have already said something 
about the principles according to whic^ the supply of air must 
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be regulated ; and we shall have to return to this in the next 
chapter. Here we can only remark that there must be in any 
case enough total draught behind the chambers, but not too 
much ; otherwise, even if the burners themselves are protected 



Fig. 255. 
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against excess of draught by diminishing the air-holes below the 
grates, there is all the morb tendency for air to enter the chambers 
from all other sides through the finest chihks and thus disturb 
the process. If the draught is excessivb, the incubus of the 
vitriol-maker, pale chamdoers, at once makes its appearance. 
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Whether, therefore, the draught is produced by a chimney 
or by an open pipt, ther^; must always be some contrivance 
for regulating it. At many works this is done by a simple 
damper, introduced into the respective lead pipe by a slit, luted 
with clay or not at all. The arrangement shown in Fig. 253, 
partly in elevation, partly in section, and in Fig* 254, in cross 
section, is far more perfect. The draught-pipe, a is widened 
out into a rectangular vessel surrounded by a jacket, b b, form- 
ing a hydraulic joint ; and the damper, r, is surrou«ided on all 
sides by tTie jacket d^ti, dipping into the water-lute at b. The 
damper is raised and lowered by the help of the chain, pulley, 
and balance-weight, e^f^g. 

In continental works the arrangement shown in Fig. 255 is 
frequently met with. The draught-pipe, a a, is interrupted by 
a wider drum, b, divided into two parts by a horizontal 
diaphragm, c. The latter is perforated by a number of holes 
whose total area is somewhat larger than that of the pipe, a a, 
When, therefore, all the holes are open, there is no obstacle 
whatever to the draught ; but this can be produced at will by 
closing a certain number of the holes with clay or lead plugs. 
For this purpose the space above the diaphragm is accessible 
by a small door, which may consist of a pane of glass, d 
(Fig. 255), to which another pane on the other side corre- 
sponds, so that the whole at the same time serves as a “ sjght.” 

Automatic Regulation of the Draught in the Chambers . — 
Especially in the oase of chambers not connected with a high 
chimney ,,where changes of wind, etc., produce great variations 
of draught, it is advisable to adopt some automatic regulation 
together with the ordinary dampers, etc. Such an automatic 
apparatus can be made by putting on to the horizontal part 
of the exit-pipe a perpendicular 12-in. pipe, closed by a bell 
standing in an annular water-lute. The bell hangs on one arm 
of a lever, the other arm of which is so weighted that. the bell 
can travel freely. When the draught is just right, this second 
arm has a certain positi( 5 n, in which a throttle-valve within the 
exit-pipe connected with it is half open. When the draught 
increases, the bell descends, owing to the increase of atmospheric 
pre.ssure, and partl)^ shuts the throttle-valve ; in the opposite 
case of the draught decreasing, the throttle-valve i« opened 
wider. This apparatus, as constructediby M. Delplace, is shown 
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in Fig. 256, where a is the entrance-pipe from the Gay-Lussac 
tower, c the exit-pipe, a conical vftlve, regulating bell, 
e e the water-line of the hydraulic joint, / the lever, ^ the 
balance-weight. 



Kig. 256. 


Somewhat different in detail, and apparently very accurately 
working, is the apparatus of Mr W. G. Strype, of Wicklow, of 
which the following is a description (B. P. 705 of 21st February 
1S79) 

The drawings illustrate two forms of the apparatus, Fig. 257 
being the most desirable, although somewhat more expensive 
in construction than the arrangement shown in Fig. 258. 
Referring to Fig. 257, an inverted vessel or receiver A, open at 
its lower end, dips into a tank A', containing water or other 
suitable liquid acting as a hydraulic joint. The interior of A is 
placed in communication, by means of the^ipe or passage, 
with a Receptacle R connected with th& main flue from the 
Gay-Lussac towers anc^^ chambers. ‘This receptacle is also in 
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communication with a flue leading to the chimney, or other 
device for supporting the ckaught, and is divided by a partition 
having apertures fitted with valves or dampers, D D, made of 
an alloy of lead and antimony. The operation of opening and 
closing D D to ensure uniformity of draught is regulated 
automatically by the action of the suction itself iif the following 
manner: — The dampers are connected to a lever H, mounted 



Fig. 257. 

and turning on a centre or fulcrum e. Suspended fjorn one 
end of the lever is the vessel A, whilst the opposite end is 
loaded with a weight S, sufficient to preponderate to the 
required extent over the load of A. Assuming that the draught 
has an excess of “pull" over that 'which is adjusted and 
necessary for the proper working of the chambers, the dampers 
being open, the suction within the vessel A, when accelerated, 
will draw down that end of the lever a«d elevate the opposite 
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or weighted end, and so partially close the dampers. C is so 
calculated that the weighted end <of the» lever can only be 
elevated when the required draught is exceeded, and it will 
fall by gravitation as soon as the draught is unduly diminished. 
It follows that thus the desired uniform action is obtained. 

The connection between the dampers and the lever B is by 
means of rods or links passing through water-.sealed stuffing- 
boxes, G G' ; and to avoid friction tjiese rods are suspended 
from knife-edge centres, d. The other centres are constructed 
with knife-edges in like manner. * 

The vessel A becomes sensibly /igZ/tt^rwhen deeply immersed 
in the liquid, owing to the thickness of the sides, and would 



Fig. 258. 


thereby iconstitute a source of disturbance to the proper action 
of the apparatus. To ^-.ouitteract this, the lever B is provided 
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with a projecting arm E, carrying an adjustable weight F, 
arranged in such a ^ositicfii tliat, as the arm partakes of the 
motion of the lever, the centre of gravity of the system will 
be moved in the direction and to the extent necessary to effect 
the required correction. 

Fig. 258 is a simpler, and in some applications a more 
convenient form of the apparatus, the action being of course 
identical with that dcscrij^ed for the arrangement in Fig. 257. 
Should the draught fluctuate very much, the diaphrsigm shown 
dotted at ft (with an j)penihg in its centre to communicate with 
the vessel A) can be interposed to prevent the movements of 
the regulator being too sudden and rapid. 

This apparatus has no wearing surfaces, is practically 
frictionless in its working, and is balanced in all positions. By 
means of it any disturbance to the steady and uniform flow 
of gases through the chambers caused by irregular chimney- 
draught is prevented, the admission of air to the burners is 
more uniform, the regulation of the proper quantity and relation 
of the gases to each other throughout the chambers is facilitated, 
and better working and more economical results arc obtained 
in the process with less supervision and attention than 
hitherto required to carry on successfully the manufacture of 
sulphuric acid. 

Mechanical Production of Draught by Fan-PIasts. 

We have spoken above (p. 744) of the various drawbacks 
connected .with the application of injectors for this object: I 
have indeed not found such apparatus at any of the works I 
have recently visited. But several works have adopted the 
plan, originally followed at Freiberg,^ of promoting the draught 
by fans made of lead alloyed with antimony, or wood or iron 
covered with lead, fixed on iron axles, running in somewhat 
tightly fitting lead journals without stuffing-boxes. Such fans 
are arranged either between the Glover tower and the first 
chamber, or between th(f last chamber and the Gay-Lussac 
tower, or in both places. These fans are worked at a trifling 
expense, most conveniently by electro-fnotors, which avoid the 
necessity of shafting ^nd gearing; and they should be more 

' According to Miihlhauser {Z,angew. Qtem,, 1902, p. 672), this invention 
is due to a mining engineer of the name of Hag(ti, at the Halsbriicke works. 
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frequently employed, not merely in such extreme cases as at 
the Freiberg works, where the gas^ must' travel through flues 
of 330 ft. length, but in connection with ordinary chambers, 
which are thus made independent of accidental variations of 
pressure, of low chimneys, etc. 

At the . works of Messrs Matthiesen and Hegcler at La 
Salle (III), where zinc-blende is roasted in a mechanical shelf- 
burner, and the necessary draught for the chambers could not 
be obtaintd by a chimney, an iron ‘fan-blast, covered with an 
alloy of lead and antimony, is placed between the Glover tower 
and the first chamber, and another such apparatus between the 
Gay-Lussac tower and the chimney. This arrangement had 
been working for several years when I visited the works in 
1890. 

The systematic production of draught by placing one fan 
behind the Glover tower and another in front of the Gay-Lussac 
has been especially worked out by F. J. T'aFling: cf. A////. Ind., 
vii. p. 672. In this way the draught of the burners is rendered 
independent of the pressure in the chambers, where quite 
different conditions prevail. 

Falding’s fans have a cast-iron casing lined with lead, and 
a spindle and arms made of antimony-lead. They are very 
carefully and substantially mounted, and work up to 700 
revolutions per minute. 

Niedenfiihr (1902) considers that a fan-blast would be best 
placed between the burners and the Glover tower, but he 
believes this to be impossible with ordinary fans on .iiccount of 
the high temperature and the flue-dust. Directly behind the 
Glover tower a fan would also act very well, but here antimony- 
lead is too quickly corroded, and it is therefore generally 
preferred to put the fan between the last chamber and the Gay- 
Lussac tower. The, firm of March Sohne, at Charlottenberg 
(now ‘^•Vereinigte Thonwaarenwerke ”), have constructed very 
good fans of stoneware, which probably will do perfectly well 
at temperatures below 70'' C., for in^ance, between the Glover 
tow-er and the first chamber (cf. Chein. Zeit., 1902, p. 1057). But 
even in that case it is *best to place another fan between the 
last chamber and the Gay-Lussac tow&r. In very long sets 
with small sections, such as are found when a small original 
plant is gradually enlih-ged by adding more chambers, there 
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is frequently irregular work, with large consumption of nitre, 
which is very easily Remedied by a rational use of fa.i-blasts. 

Usually the fans are made of iron covered with lead, or 
altogether of “hard lead” or “regulus” (antiinonial lead), but 
of course the axle or spindle should be made of hon, and the 
journals must also consist of this metal. This is a weak point, 
at least where there is heat to contend with as well as the acid.s. 
In very hot places, however, where lead is out of the question, 
cast-iron may be employed, which is not acted upon*so long as 
no acid is condensed jjpon' it. Here also the journals arc the 
weak point, but this has been overcome by A. W O’Brien, at 
Richmond, Va. ; in the following manner (Raiding, J/tn. hid., 
ix. p. 621): — A cast-iron fan is placed immediately behind the 
burners, before the nitre-oven and Glover tower. It serves five 
Herreshoff furnaces, consuming 30,000 lb. 49 per cent. Rio 
Tinto fines per twenty-four hours. The fan has 27 in. suction 
and discharge, and is made of cast-iron throughout, including 
the spindle: it is covered with a I -in. coat of asbestos cement. 
The temperature inside the fan is about 540'' ('. The journals 
are not oiled at all, but ffooded with water from several |-in. 
pipes. Water also surrounds the jacket of each journal, and is 
admitted to the oil-chamber in lieu of oil as a lubricant. After 
nine months’ work it had not required a cent’s worth of repair 
or oil. No wrought-iron or steel is in contact with the gas,gnly 
cast-iron ; otherwise there is nothing special in its construction. 

Petschow (Z. migeiv, Chem., 1903, p. 12) quotes some mis- 
adventure^ with fans made of stoneware. Plath (/Z'/i/., p 159) 
and Niedenfiihr (p. 161) controvert his .statements and prove 
the success of such fans. As built by the Vereinigte Thon- 
waarenwerke, of Charlottenburg, they perform a duty of 120 
cb.m, or 4200 cub. ft. per minute. Pet.schow {tdtd., p. 304) 
practically yields the point. In 1905 {Z.cnngew. Chen^., 
p. 1264) Plath especially recommends a stoneware fai>,*called 
“ Frithjof,” built on a new plan by the Charlottenburg factory. 
In 1907 (Z. angew. Chem.,\g07, p. 444) he recommends placing 
stoneware fans of the ordinary type between the chambers and 
armoured fans of the.Frithjof type in front of the first chamber, 
where they can stand femperatures of 100 ’. 

Benker and Hartmann (Z. angew^ Chenu, 1903, p. 86^ place 
the fan where two Gay-Lussacs are provided, between these ; 
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if thtic is only one Gay-Lussac tower, the fan is placed either 
between this and the last chambA*, or dse behind the Gay- 
Lussac, and in this case they prefer putting behind the fan a 
Lunge-Rohrmann plate-tower (p. 657) in order to condense the 
acid fumes which arc always present in the gases, where only 
one Gay-Lussac tower is provided. The last gases escape 
straight into the outer air or into a chimney. They recommend 
P. Kestner’s fan made of hard lead^ which makes only from 
3CX) to 70 €) revolutions per minute, requires from ^ to i h.p. 
and aspirates from 1000 to 8000 cb.m, per hour; ft is driven 
either by a small steam-engine or an electro-motor. 

Kestner (/. Soc. Chem. Ind., 1903, p. 333 ; more explicitly in 
Veyhandi V. /uf//£-;rss fur angciv. Cheui.^ 1905, i. pp. 623 et seq) is 
also of opinion that the best place for a fan is behind the 
chambers. If placed between the burners and the Glover 
tower, its construction is rendered enormously difficult on 
account of the heat and the impurities of the burner-gases, and 
this is still the case where it is placed between the Glover and 
the first chamber. In both cases leaden fans are quickly 
corroded and stoneware fans are easily cracked. The advantage 
of increasing the pressure in the chambers by placing it before 
them is extremely slight, amounting only to about of the 
atmosj)hcric pressure. Ke.stner’s fans, placed at the end of the 
chamber system, of which upwards of sixty were already at 
work at that time, pos.sess a wheel made of antimony-lead 
(“ hard lead ”) and a case of the same material or of Volvic 
lava; they rotate but slowly and are usually driven by a special 
steam or electric engine. The part played by the fan-blast is 
not to draw more air through the chambers, but to keep the 
current of air constant, not influenced by the variations of the 
atmospheric pressure, temperature, wind, sunlight, etc. Accord- 
ing io Oiem. Zeit^\^\o, p. 734, Kestner has increased the 
usefuli\pss of his hard-lead fans by a special construction with 
back-suction for hot gases and high pressures. 

Figs. 259 to 261 show a hard-lead fan as constructed by H. 
Leutpold, at the Dora-Lys works at Pont Saint-Martin (com- 
municated by him to fne). Fig. 259 is a sectional elevation, 
Fig, 260 ^ sectional plan, Fig. 261 a perspective view of the 
iron casing. It is clearly seen how^the ifon spindle is protected 
by a hard-lead casing. • * 
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Banker (1902) always employs fan-blasts (and water-sprays) 
for the “ high-pressu!e wo'k” (</ pp. 659 '’7 •?<■'/•. 'i”'' Chapter VI .) 
where 8 kg. acid of 1 16“ Tw. is made per cubic metre m twenty- 
four hours. He places the fans prcferablj- between two Gay- 




Lussac towers; if there is only one Gay-Lussac, 
placed behind this, but is followed by a small tower fed with 
Ler in order to coftdense the acid mist, for this purpose 
Banker prefers Lunge’s pjate-towjrs to any other kind o 
apparatus; he places one of these toners at such a height 
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that the weak acid contained therein can be run into the 
Glover tower. The object of the fah-blast' is to avoid the in- 
equalities and temporary losses of draught caused in the case 
of chimneys by wind, sunshine, etc, and to produce a regular 
composition ^f the exit-gases, 4*5 to 5 per cent, oxygen for 
ordinary pyrites, up to 6-5 per cent, for cupreous pyrites. As 
there is a difference of temperature between day and night, 
the speed of the fan must be regulated at least twice a day. 
Benker st^es that attempts at plAcing a fan between the 
Glover tower and the first chamber fvere not successful 



Fig. 261. 


principally on account of the necessity of frequent repairs, 
although even shells made of Volvic lava were tried. 

The question of employing fan-blasts for acid-chambers has 
receive^ a new impetus by Niedenfuhr’s Ger. P. 140825, which 
provid&B two Glover towers in succession, to fulfil separate 
functions, the fan-blast being placed between them. This 
question will be treated in the next chapter, when discussing 
the functions of the Glover tower. 

Liity (Z. angew, Chei/i., 1905, pp. 1253 etseq.) greatly approves 
of the use'of fans, especially in the way adopted by Niedenfuhr, 
but we 'shall see anon that this is strongly contested from other 
sides. 
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The Vereinigte Tonwarenwarke, Berlin, propose to place 
stoneware fans in the corncis of lead chambers, with stoneware 
pipes penetrating through the side of the chambers, for pro- 
tecting the shafting, in order to cause a strong whirl-movement 
in the chambers. 

Rabe (Z. angeiv. Client., 1905, pp. 1735 ct scq] discusses at 
length the part which fan-blasts play in the lead-chamber 
process. This is merely t|ie task of overcoming the friction in 
the single ^arts of the apparatus. It is not correct t© speak of 
an “ increase of draugjit,” since behind the fan-blast as well the 
pressure is increased. It is merely an apparatus for moving 
the gases from one side to the other. The velocity of the gas on 
the side of aspiration is essentially the same as on the side of 
pressure, although the pressure is different on both sidc.s. At 
a difference of pressure amounting to a water-column of 50 mm., 
which is quite an extreme case in the application of fan-blasts 
in the lead-chamber process, the difference of velocity between 
the gas entering and that leaving the fan is only 0-5 per cent, 
by volume, or half of it = 0-25 per cent, as against working with 
ordinary draught ; and if,^as is quite necessary in our case, not 
the volumes, but the weights are considered, even that slight 
difference vanishes entirely, and we may take the difference in 
the movement of the gases = zero. Hence it is quite indifferent 
for the movement of the gas in which place the fan-blast is put, 
whether in front of the burners (which has certain advantages), 
or in front of or behind the Glover, or at the Gay-Lussac, or 
anywhere ^Ise. It is impossible to influence the gas only on 
one side of the fan. But of course certain reasons exist for 
placing the fan in one or the other of those spots. If special 
regard is to be had to spending as little as possible on driving 
force, the fan is best placed at the end of the system, where 
the volume of the gas is lessened by 12 per cent, through the 
condensation of the sulphuric acid, if it is required V> bring 
the fan into contact only with pure air, it must be placed in 
front of the burners, whith in this case, of course, must be 
provided with a closed conduit of air. If the fan is sufficiently 
resistant to hot acid gases, it is placed in front of the Glover 
(Falding’s system). tT, however, it is to be in contact only with 
cold acid gases, these ffiust be previously cooled, as is sfated in 
the Ger. P. 140825, quoted suprd. 'fhe performance of the fan- 

3 C 
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blast In overcoming the friction in the various parts of the 
apparatus makes it possible, either bJ employ apparatus offering 
greater resistance to the current of gas, or to pass more gas 
through the chambers than can be done by natural draught 
In the former case apparatus for precipitating the flue-dust, for 
utilising th^ heat, and generally for making the chamber 
process more rational may be interposed in already existing 
plant, without in any way diminishing the quantity of the gases. 
In the second case the velocity of the gaseous current may 
be altogether increased, since we ar6 then not confined to the 
“ natural ” draught, and this means an increase of the production 
of the chambers. In these cases as well it is indifferent in which 
place the fan-blast is interposed, since in most descriptions of 
fans it is pretty immaterial whether the greater resistance takes 
place in the aspirating- or in the pressure-conduit. 

The regulation of the work of the fan-blast is best performed 
in immediate connection with it, whether by changing the 
number of revolutions, or, where this is impossible, as in the 
case of working a rotating current, by throttling. In any case 
the aim should not be thatof producitig a certain plus- or minus- 
pressure against that of the atmosphere, but that of producing 
a certain velocity of the gases, as shown by instruments indicat- 
ing this, since these are independent of any obstructions in the 
gas conduits, etc.,,and since it is important to work with gas of 
a uniform percentage of SO 2 . Of course it is also desirable to 
observe the pressure in every part of the apparatus, as this 
admits of early recognising the constancy of the frictipn exerted. 
Thus the chamber work is more easily controlled, and the 
velocity of the gas current can be kept constant, as long as there 
is an excess of power in the fan-blast. Of course it is not 
permissible to work the fan-blast in such manner that the 
towers or chambers ^re damaged by an excess or a minus of 
pressure against that of the atmosphere. But Rabe has 
already succeeded in working for a long time with a plus- 
pressure equal to 180 mm. water, *011 large, not supported, 
surfaces of lead, without any damage being done. In the case 
of new plant it is best ‘to effect from the outset the smallest 
possible ft;iction in the apparatus and donduits, as fan-blasts 
work ncore economically with smaller differences of pressure. 
It has also been proven* that for the intimate contact of gases 
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and liquids, e.g, in reaction towers, not an increase of friction 
by overpressure in* the t(Vwers, but exclusively an increase of 
the surface of contact between the gas and the liquid is of 
importance. Hence apparatus involving greater friction must 
be employed only where it is from any reasons whatever, 
cheaper than apparatus with smaller frictions, if the cost of 
working and of writing-off is calculated. When the fan-blast is 
worked more or less, bqth parts of the gas conduit, that in 
front and that in the rear, are influenced in the tsame way. 
Hence it* is not possible to influence the roasting process 
differently from the chamber process, where the fan is placed 
between them ; nor is this possible where it is placed elsewhere, 
since these parts are always dependent upon each other. If 
the fan-blast is throttled, less air must enter into the burners, 
and they will eventually blow out, the gases becoming richer 
in SO.^. This acts upon the chamber precisely in the same way 
as any insufficiency of “ draught ” or of oxygen. In the opposite 
ca.se, that of increasing the action of the fan, the roasting goes 
on more quickly, but the percentage of SOj, is diminished and 
the chamber process disturbed. These drawbacks happen 
precisely in the .same manner, whether the fan be placed 
between the burners and the chamber (Falding’s plan), or 
between the concentrating- and denitrating-tower (Niedcnfiihr’s 
Ger. P. 140825, supr^ p. 758), or in the rea; of the chanibers 
(Kestner’s plan, p. 756). It is impossible to render the roasting 
and the chamber process independent of each other, but it 
is possiblg to make the work independent of the resistance 
by friction, whether this be permanent or produced within the 
course of working. Nor can the absolute pressure within the 
chambers be essentially altered; the places immediately in 
front and in the rear of the fan may show differences of, say, 
50 mm. water pressure, but the remoter f^rts show much less, 
down to 0-025 per cent, of the atmospheric pressure, wh-ich is 
altogether insignificant in comparison with the differences of 
atmospheric pressure which may reach 2 per cent. The propul- 
sion of the gases is precisely the same whether there is a plus- 
or minus-pressure, both in the Glover and in the chamber, other 
circumstances being et^ual. It is erroneous to assume that a 
plus-pressure by itself* is essential for the movement •of the 
gases ; nor that such a pressure forces the gases to penetrate 
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into e Jery part of the apparatus and to avoid “ dead corners.” 
It is certainly true that the best utifisatiorf of an apparatus to 
a great extent depends upon the way in which the gases travel 
therein, so that it is very important to find out the best condi- 
tions therefor; but it is quite unessential whether this work is 
done by plus- or by minus-pressure. The decisive moments are ; 
the shape of the outlet openings of the conduits, the specific 
gravities of the gases produced by thp reactions, and the place 
where they^arc introduced. In working with fan-blasts gyratory 
motions have been spoken of as takmg place, but these occur 
precisely in the same way with plus- or with minus-pressure, 
and they cease in longer conduits. If the higher pressure by 
itself produced the assumed effects, the same differences would 
appear without fan-blasts between factories .situated at a higher 
or lower level, and the daily oscillations of atmospheric pressure 
would influence the working of the chambers to an alarming- 
extent. Every chamber manager knows that he must take 
regard of these ; but his task is not that of increasing the plus- 
or minu.s-pressurc,but to regulate the velocity of the gas so that 
the proportions of weight are kept constant. The plus- or 
minus-pressure has nothing to do with this ; the reactions are 
essentially the .same in both cases ; neither is there a special 
movement of the gases, nor a more intimate contact of the 
molqcules, and the alleged proofs for the contrary are not 
correct. This Rabe also applies to Liity’s paper in Z. angew, 
Chem,, 1905, pp. 1253 et seq. ; the results adduced by him are 
much better explained by differences in the size of the^apparatus, 
the still of work, the cooling action, etc., and they have nothing 
to do with the place given to the fan-blast. 

Hiippner {Z. angeiu. Chem.y 1905, p. 2001) insists against 
Rabe that the work done by the fan is not in proportion to the 
weight, but to the volume of the gases, and that the way of 
meastiVmg the pressure, recommended by Rabe, does not 
absolutely avoid the mistakes pointed out by him. 

M. Neumann {Z. angew, Chem,, i\)05, pp. 1814 et seq,) criti- 
cises the plan of Niedenfiihr (Ger. P. 140825, vide p. 758) and 
Ltity’s remarks upon it {ibid,), A higher than the formerly 
usual pressure of 2 or 3 mm. water in the beginning of the 
first cHhmber, say 4 to 7 pirn., ha.^ been first used in America, 
before the date of NiWenfiihr’s patent. It is quite wrong to 



FAN-BLASTS 


763 


assume that such a slight increase of pressure can have any 
influence on the diambe^ process, as already pointed out by 
Benker and Hartmann {supra p. 758; cf\ also Rabe, p. 759). 
All the advantages claimed by Niedenftihr and Llity for that 
rise of pressure can be but very slight. Fan-tyasts, made of 
cast-iron, lined with lead, the wheel being made of antimony- 
lead and mounted upon a lead-covered steel shaft, have been 
employed since 1894 between the Glover and the first chamber; 
Falding {cf p. 755) and others have put up more than fifty of 
these, and in the United States there is hardly a sulphuric-acid 
factory working otherwise than with fan-blasts. Falding 
employs a second less powerful fan at the end of the sy.stem, 
and is thus able to make all parts of the system independent 
of each other. Recently Falding recommends O’Brien's fan 
{supn\ p. 755), which is entirely made of cast-iron and is placed 
between the burners and the Glover in a place where it is too 
hot for acid to condense and to corrode the metal. The separa- 
tion of the Glover into two towers, claimed by Niedenfuhr, is 
also an American invention, and already in 1894 Falding 
obtained the Ger. P. 7669*1 for it; also Zanner, Ger. P. 134661, 
who certainly does not entirely divide the two functions of the 
Glover on two towers, but effects only part of the concentration 
by a special apparatus interposed between the Glover and the 
first chamber. Plath’s armoured stoneware fan, the " Frithjof ” 
{cf p. 755), can be easily put in that place. The “intense” 
production of acid in the chambers practised so much recently 
and also Jkimed at by Niedenfuhr and Liity, must of necessity 
cause a much faster wear and tear of the chambers, so that the 
life of a chamber, instead of twenty to twenty-five years, will be 
only ten or twelve years. Thus, as Neumann asserts, nothing 
original and useful remains of Niedenfiihr’s .system, so much 
commended by Liity. • . 

Schliebs (Z. angew. Chem., 1905, pp. 1900 ct seq.)^f:hs had 
most favourable experience with fans placed between the 
Glover and the first chaihber. He further advocates his view 
{tbtd., 1906, p. 571). 

Niedenfuhr (Z. angew, Chem., \go 6 , pp. 61 et seq.) replies to 
Rabe and to Neumann. The velocity of the gaseous current 
ought to be as uniform as possible, t)eginning with the turners ; 
hence the resistances should be reduced as much as possible 
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and not vary very much. This leads to placing the fan as 
nearly as possible behind the burners, where it can best act 
against the causes of changes in the composition and velocity 
of the gases. The same consideration leads to a throttling of 
the outlet fronp the Gay-Lussac tower, which best takes place 
behind a second fan, placed there. Most sulphuric-acid 
factories now work with fans, and the author has always 
found the best results being obtained where the fan was placed 
in front of the first chamber, not |in the rear p^rt of the 
system ; the latter position easily leads to*an unhealthy forcing 
of the work. This conclusion, identical with the ideas of 
Falding {supn) p. 755), has been verified by experiences made 
with tangential chambers (p. 622) without his own concurrence, 
and has led up to a production of 12 kg. and of 1-53 sp. gr. per 
cubic metre— the highest ever heard of ; even with rectangular 
chambers as much as 11.5 kg. have been realised. The author 
has up to now had to build 28 sets of chambers, and always 
made the same experience. Niedenfiihr then contradicts 
Rabe’s a.ssertion concerning the pr^^ssure under which the 
chambers should work, viz., that it is indifferent whether it is a 
plus-pressure or not. He quotes an instance of factories erected 
at great heights, e.g, one in Mexico at an elevation of 7000 ft. 
above sea-level, where the production of the chambers per cubic 
space, is distinctly smaller than at lower levels. His best 
results were obtained when keeping in the chambers a pressure 
of from 4 to 8 mm. above that of the atmosphere ; only then 
there are no places in them where the gases stagnate.— It is 
also very important to keep the temperature in the chambers 
at its most favourable height. For this rea.son in the “ high- 
pressure” work the chambers are worked, not with steam, 
but with liquid water in the form of a spray, which is of 
the greatest advantage in chambers of considerable height; 
also to^enitrate the gases at not too high a temperature, 
which is best done by dividing the functions of the Glover 
upon two towers (Chap. VI.). Neumann’s opinion that this 
division causes a deficiency in the concentrating action of 
the Glover is refuted by experience, as ^well as his assertion 
concerning* the great wear and tear of intensely ” working 
chambers. » 

Neumann replies to*the above in the same journal, 1906, 
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• t, 

pp. 474 et seq., at great length, but without bringing in any 
new matter. 

Hartmann and Benker (Z . angew. Chm., 1906, pp. 1 32 to 1 37) 
criticise a number of the statements and opinions pronounced 
by the preceding authors, and again insist on placing the fan at 
the end of the system, between the two Gay-Lussacs, or, if there 
is only one such tower, between it and the last chamber. They 
consider it wrong to place it in front of the Glover, except m 
the case of mechanical tamers, where this is just the right 
place for a fan; but then they put a second fan at the end of 
the system (like Falding). In the case of ordinary burners for 
lumps or smalls the upward draught of the gases is sufficient 
bv itself to send them into the chambers; if increased by a fan, 
placed between the burners and the first chamber, the pressure 
is too great and the life of the chamber is greatly shortened, 
and too much flue-dust gets into the Glover or even into the 
chamber. If the fan is placed at the end of the system in froi 
of the last Gay-Lussac, the gases enter it cold and 
the fan is not damaged by them ; it can be mounted below the 
tower and without stopping the work, and is 
accessible for repairs. In this place it is most efficient for 
Overcoming the frictional resistance of the Gay-Lussac tower, 
as well as the difficulties caused by changes of the 
conditions. They had at that time already ui es 

sets of chambers with fans in that |)o.sition. m works of all sues, 

and situate in all induslrial countries. ^ tintfcntial 

Th Meyer {jbid., pp. 523 to 525) defends his tangen al 

system" and the necessity of placing the fan m front of the 
tangential chamber, behind the Glover. 

Hartmann and Benker {ibid., pp. 953 1 

a plant erected at Roubaix according to Niedenfuhrs Ger. 
P. 140825 (cf. suprd p. 758) had given. great d>ssaJ|^ct.on 

and had been dismounted after eight 

,h. plan, .a, .teed >1 .»d 

now produced 12 kg. acid of 53 rowers did 

The division of the Glover functions upon two towers d d 

not answer, and the , application of fiigher pressum 

""The 42nd Report 'on Alkali Wor^s (for the year 190}), R 16, 
statlsTK concerning the use of mechatiical means for creating 
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the drlught in acid -chambers, nothing but good has been said 
by those manufacturers who have •adopted it, when once the 
necessary experience has been gained. The advantages of 
better control are recognised both by the manufacturer and the 
inspector. Local escapes from the burners certainly can be 
more readily avoided. 

Processes for special modes of introducing the gases into 
the vitriol-chambers will be mentioged later on, e.g, Rabe's 
Ger. P. 337561, for aiding their • movement according to 
Abraham’s “spiral” theory. * , 

Feigensohn {Chcm.Zeit., 1906, pp. 851 to 853) contradicts the 
assertions of Raschig concerning the “intense” production of 
acid in the chambers in Z. angew. Chem., 1905, pp. 1281 et seq. 
{supra p. 689). According to him the augmentation of the 
production of acid in a given volume of chamber space by 
means of increasing the circulation of nitrous compounds is not 
consequent upon the rise of temperature ; but this increase is 
nece.ssary in order to stand the manifold larger amount of gases 
passing through, and to allow any gases from leaving the 
chambers without being subjected to the catalysing action of 
the nitrogen compounds. According to his trials, there is more 
loss of nitre when placing the fan nearer the first part of the 
system than further on, and the increase of production of 
sulphuric acid per.unit of chamber space does not make up for 
the greater loss of nitre. The best place of the fan is between 
two Gay-Lussac towers; in case of employing three such 
towers, between the second and the third, and when employing 
final Lunge towers, in front of these. The working of the 
chambers is then easy ; the loss of nitre per 100 parts of 
chamber-acid produced is 0-4 to 0-6 parts of HNO3 3^" for 
pyrites, or 0-75 to o*8 parts for blende and poor copper ores. 
When working the chambers at higher pressure, there is more 
sulphiw.iG acid produced in the same chamber space, but the loss 
of nitre is greater. The total acidity of the exit-gases increases 
with higher or lower pressure in ftie first Gay-Lussac, and 
decreases when keeping the pressures alike. The sets working 
according to Lunge yielded exit-gases with the least amount of 
acidity, . • 
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Anevwmeters. 

Although we have in a previous chapter (p. 451) warned 
against the use of a Combes’ anemometer for regulating the access 
of air to the burners, because it is too delicate jn instrument, 
and because it only shows the draught in the place which it 
occupies, we have here to speak of an anemometer better 
adapted for controlling tjie draught in vitriol-chambers. This 
is differential ane/nometer as modified b)^ h'k'tcher and 

Swan. Fletcher’s modification is described in the Third Annual 
Report on the Alkali Act, 1863, by the Inspector, for 1866, pp. 54 
et seq. ; Swan’s in the Transactions of the Neiocastle Chemical 
Society, 26th January 1871. lY'clei’s anemometer is founded 
upon the physical principle that a current of air passing the 
open end of a tube causes a partial vacuum in the tube. If, 
therefore, a straight tube is introduced through a hole into a 
chimney, or into the draught-pipe taking away the chamber-gas, 
so that the gaseous current passes the open end of the tube at 
a right angle, a partial vacuum will be formed in the latter, 
proportionally to the velocity of the current ; but the aspirating 
action of the chimney will be equally communicated to this 
tube. We must here distinguish between these two actions. 
To do this, we must introduce two tubes into the chimney, one 
of which ends straight, whilst the other is bent to a right qngle, 
so that the current of air blows into it. Both tubes will now be 
affected by the aspirating action of the chimney ; but in the 
straight tube this is increased by the aspirating action of the 
current crossing its open end, whilst in the bent tube it is 
diminished by the air blowing into it. The difference between 
the aspirating action of the two tubes is thus reducible to the 
action of the current of air ; and by measuring it the speed of 
that current can be ascertained. For Uiis purpose^ the two 
tubes are connected with a U-shaped glass tube containing 
water or another liquid ; this will rise in one of the limbs to an 
extent corresponding to Ihe difference of suction. Since the 
sucking-action of the chimney acts upon both limbs, it is 
eliminated, and the difference of level corresponds merely to the 
different action exerted by the current of air upon the straight 
tube, which it crosses* and the beqt one, into which il blows. 
This action rises and falls with the spt^d of the current; and 
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the latrer accordingly can be deduced from it. Water (used by 
lY'clet), on account of the friction exercised in the U-tube, is 
only adapted for currents of a greater speed than 5 ft. per 
second. Fletcher overcame this difficulty thus : — In order to 
lessen the friqtion, he employed two cylinders, a a (Fig. 262), 
of 4 in. diameter, connected at the bottom by a narrow tube, b. 
This arrangement is ten times as sensitive as a U-tube of 0*4 
in. width would be, since the area upon which the pressure acts 
is increased 1 00-fold, but the circumference upon whjeh friction 
acts only lO-fold. The rising and falling of the liquid is 




Fig. a63. 


observed by means of metal floats, c upon which a very fine 
horizontal line is marked by a lathe ; and the scale, d, provided 
with a vernier and a very fine adjusting-screw, permits the 
differencf of level, » down to part of an inch, to 

be reafKDff. This is possible, not with water, whose mobility, 
owing to its adhesion to the glass, is too slight, but with ether^ 
whose adhesion is only of that of water. The 

two glass tubes, e and /, are inserted into the draught-pipe, 
k, by means of a cork, /, at right angles^to the current of gas 
(so that it ‘blows into the bent tube,/), and are connected by 
elastic Abes, ///, with a d. ^ 

The form of anemometer shown in Fig. 262 has been 
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simplified by myself, as shown in our last edition, p. 5(^4, Fig. 
244. We omit thisf here,* as we shall lower down have to 
describe various new forms of anemometers. 

In the original communication by Mr Fletcher, as well as 
in the first edition of this work (pp. 333 to 33$)^ we find the 
mathematical evolution of the laws for ascertaining the relation 
of the readings to the speed of the currents. We abstain from 
repeating this reasoning h,ere, and merely give the final formula 
found for ascertaining tha velocity of the gaseous# current v 
from the height of t]|je coTumn of other (of 0740 sp. gr.)-/, 
for any temperature t (in degrees Fahrenheit) ami barometric 
pressure h (in inches) 

X 28.55. 

h 459 + / 

The table given on pp. 771 ct seq., for the speeds corre- 
sponding to different readings of the anemometer, js computed 
from the formula 

sip X 28.55 ; 

and another table is added for correcting the variations in the 
temperature of the current of gas. The corrections for small 
variations in the barometrical pressure arc usually not consider- 
able ; but they can be made by means of the above formula— 

28.55, 

or ' 

& = X 28.55. 

If the pressure is read off in millimetres the number 760 is 
everywhere substituted for 29*92 ; or if ihe readings are in 
millimetres and the speed in metres per second is rcq»fp«d to 
be known, the constant 28*|5 is converted into another, accord- 
ing to the formula 

28.55 = 1.7.27; 

V2S.4 

so that the formula for’i^' and /' in metrical measures wHI read 

v‘== 1-727 Ji'. 
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A i;orrection for the expansion and contraction of the ether 
in the instrument itself is mostly iinnececsary, since it is only 
exposed to the ordinary temperature; it amounts to about 
I per cent, of the speeds shown in the table for each io° F. 
( = 555 C.) deviation from 6o" F.~more for temperatures below, 
less for temperatures above 6o° F. 

In order to make the readings more exact, first the height 
of ether in one of the limbs is noticed, then the current is 
reversed i)y connecting the tube with a and / with a! 
(Fig. 262); another reading is m‘ade;^and thus*’ twice the 
difference of pressure caused by the suction at / is found. 
The number thus found is read off in Table I. and corrected 
for temperature by Table II. To take an instance, let the first 
reading be 1039, and the second reading, after reversing the 
current, 0-86 1, the difference will be 0*178. On referring to 
Table I., the speed 12*05 second will be found. This, 

however, is only true if the temperature of the air is 60° F. 
Should it in the case in question be 520"" F, Table II. gives 
the correcting multiplier, 0*7280. This, multiplied by 12*05, 
is 8*772, the true speed of the ci/Vrent if measured at the 
temperature of 60' F. 

This instrument is not influenced by soot, heat, or corrosive 
vapours ; it can be placed at some distance from the flue to be 
tested, if longer elastic tubing be used ; and it can, of course, 
be employed both for aspirating and for pressure currents 
(f^n-blasts, etc.), and as a measure for the speed of atmospheric 
currents. 

Of course, like every other anemometer, Fletcher’s only 
indicates the pressure at the place occupied by its receiving 
portion; and accordingly the tubes e and /must be introduced 
so far as to reach into the air-current to the extent of about 
one-sixth of the diajneter of the flue. The velocity at this 
place jgjissumed to be nearly equal to the average ; but this is 
very doubtful, and there are no means at present known of 
measuring the absolute quantities <of air passing through a 
flue of any considerable sectional area with any degree of 
certainty. 
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Table I. — Showing ^the S^ed of Currents of Air as indicated 
by the Ether Anemometer. 

v//x 28.55. 

Temperature 60' Fahr. Barometer 29'2tj in. 


Anemometer 

reading. 

Hpeed of air. ' 

Anemometor 

reading. 

j 

.speed of air. i 

Anemometer 

readijjg. 

Speed of air. 

in. 

»f&. persec. ! 

in.j 

ft. per see 

ill. 

# 

ft. per sec. 

0*001 

0*903 

> 0*047 

0*189 : 

0*093 

8.707 

0*002 

1*277 

( .048 

6*255 

0*09 J 

8-754 

0*003 

1.564 ; 

0*049 

6.320 

0 -C 95 ^ 

8*8oo 

0*004 

1 *806 

0*050 

6.384 

0*096 

8.846 

0*005 

2*019 1 

0*051 

6*448 

0*097 

8.892 

o*oob 

2*212 

0*052 

6*510 

0*098 

8*938 

0*007 

2*389 ! 

0*053 

6*572 

0 *C 99 

8.983 

0*008 

2*554 ! 

0*054 

6.634 

0*100 

9*028 

0*009 

2.709 I 

0*055 

6*695 

0*102 

9*118 

0*010 

2*855 1 

0036 

6*756 

0*104 

9*207 

0*011 

2*994 1 

0*057 

6*8 16 

0*1 06 

9-295 

0*012 

3*127 1 

0*058 

6*876 

0*108 

9-383 

0*013 

3*255 ! 

C.059 

6*935 

0*1 10 

9.469 

0*014 

3*378 

o*o6o 

6 .<d 43 

0*1 12 

9-554 

0*015 

3*497 

0*061 

7*051 

0*114 

9-639 

o*oi 6 

3*612 

0*C^^j2 

7.109 

0*1 16 

9.724 

0*017 

3*723 

0*063 

7-166 

0*1 18 

9.808 

0*01 8 

3*830 

0*064 

7*223 i 

C*I 20 

9.891 

0.019 

3*935 

0*065 

7*279 

0*1 22 

9.972 

0*020 

4*038 

okd66 

7*335 

0*124 

10*053 

C.02I 

4*137 

0.067 

7*390 

0*126 

10*13 

0*022 

4*235 

0*068 

1 7*445 

0^*128 

10*21 

0*023 

4*330 

0-069 j 

7*500 ; 

1 cni 3 o 

10.29 

0*024 

4*423 

0*070 

7*554 1 

' 0*132 

1 C *37 

0*025 

4*514 

*0*071 

7.608 

0*134 

10*45 , 

0*026 

4*604 

0-072 

7*661 i 

0*136 

10*53 

0*027 

• 4.691 

0*073 

7*713 ; 

0*138 

io*6o 

0*028 

4*777 

0-074 

1 7*766 ! 

0*140 

10*68 

0*029 

4.862 

0-075 

1 7*819 ; 

0*142 

10*76 

0*030 

4*945 

0-076 

1 7*871 j 

0*144 

10*83 

0*031 

5*027 

0077 

7.922 

0*146 

10*91 

0*032 

5*107 

0*078 

7*974 i 

0*148 

10*98 

0*033 

5*187 

0*079 

8*025 ! 

j 0*150 

11*^ 

0*034 

5*265 

0*080 

8*075 

0*152 

ii*i 3 

0*035 

5*342 

o*o 8 i 

8*125 

* 0*154 

>11*20 

0*036 

5.418 

0*082 

8*175 

0*156 


0.037 

5*492 

0*083 

8*225 

0*158 

11-34 

0*038 

5*565 

0*084 

8*275 

0*160 

11*42 

0*039 

5*638 


8*324 

0*162 

n *49 

0*040 

5.710 

o*c86 

8*373 ! 

0*164 

11*56 

0*041 

5*781 

0*087 

8*421 

0*166 

11*63 

0*042 

5*851 

0*088 

8*169* 1 

i 0*168 

11*70 

0.043 

5*921 

# 0*089 

8.517 

0*170 

11-77 

0*044 

5*989 

0*090 

8*565 

0*172 

• 11*84 

0*045 

6*056 

• 0*091 

8*613 

0*174 

it *91 

0*046 

6*123 

1 

0*091 

8*860 ^ 

0*176 

11*98 
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tABLE I. (continued). 


Anmnometor 

reailiiiK- 

SiMwd of air. || ^ 

Hemomoter 

reading. 

Speed of air. 

Anemometer 

reading. 

Speed of air. 

in. 

0-178 

0.180 

0-182 

0-184 

o-i86 

0-188 

0-190 

0-192 

0-194 

0-196 

O' 198 
0-200 
0-202 
0-204 
0-206 
0-208 
0-210 
0*212 
0-214 
0-216 

0-2 1 8 
0*220 
0-222 

I 0*224 
0-226 
0-228 
0-230 
0-232 

0 - 23 i 

0-.236 
0-238 
0-240 
* 0-242 
0-244 
0-246 
0-248 
0-250 
0-252 

0-254 

0-256 

0-258 

0-260 

0-2^J 

0-264 

0-266 

0-268 

0.270 

0-272 

0-274 

0-276 

0.278 

0-280* 

0.282' 

ft. pur .“iftc. 1 

1 12.05 

12-11 

12-[8 I 

12*25 1 

12.31 

12.38 

12-45 

12.51 

12*57 

12-64 

12-71 1 

12-77 1 

12-83 

12- 90 

12.96 

13- 02 1 

13-08 1 

I 3 'I 5 1 

13-21 

13-27 i 

I 3'33 j 

13-39 1 

13-45 ' 

13-51 

13-57 

13-63 

13-70 

13-76 

13-82 

13.88* 

13-94 

13 - 99 

14- 05 
14.II 

14.17 

14-23 

14.28 

14-34 

14-40 

14-45 

14.50 
14-56 
^ 14.62 

14.68 
14-74 

14- 79 
14.84 
14.90 
14.96 

15- 01 

• 15-06 

15*11 

15-17 

in. 

0-284 

0-286 

0-288 

0-290 

0292 

0.294 

0-296 

0-298 

0-300 

0*302 

0.304 

0-306 

0-308 

0-310 

0-312 

0.314 

0-316 

0.318 

0-320 

0-322 

0-324 

0-326 

0.328 

0*330 

0*332 

0-334 

0*336 

0-338 

0-340 

0-342 

0-344 

0.346 

0.348 

1 0-350 

1 0-352 

i 0-354 

1 0.356 

1 0.358 

0-360 
0.362 
0.364 
• 0*366 

0.368 

0.370 

0.372 

0-374 

0*376 

0*378 

0-380 

0.382 

0*384 

0*386 

0.388 

# 

ft. per sec. 

15*23 

15-28 

15*33 

15*38 

I 5 -A 4 

i 5;49 

I 5 'i 54 

15*59 J 
15*64 

15*70 

15*75 

15.80 

15 - 85 

15.90 

15*95 

16- oo 
16-05 
16-10 
16-15 
16-20 
16-25 
16*30 
16*^5 
16-40 

16.45 

16.50 

16*55 

i6-6o 

16-65 

16-70 

16-75 

16.80 

16-85 

16-89 

16.94 

16- 99 

17.04 

17*09 

17*13 

17.18 

17*23 

17- 28 

17.33 

17*37 

17*42 

i 7-#7 

17*52 

17*56 

17.60 

17.65 

17.70 

17*75 

i ?*79 

in. 

0*390 

0.392 

0*394 

0.396 

0.398 

0-400 

0-402 t 
0-404 

0-406 

0-408 
, 0-410 
0-412 

0-414 

0-416 
0-418 
0-420 
0.422 
0.424 
0-426 
0.428 
0.430 
0.432 
0-434 
0-436 
0.438 
0.440 
0.442 
0-144 
0-446 
0-448 
0.450 
ij 0.452 
! 0-454 

i 0.456 
0-458 
0-460 
0.462 
0-464 

1 0-466 

i' 0-468 
0.470 
;| 0.47a 

i 0-474 
;! 0.476 

i 0.478 
;! 0-480 

‘1 0-482 

0.484 
0-486 
^ 0.488 

0.490 
. 0.492 

|| 0.494 

ft. per sec. 

17*83 

17.88 

17.93 

17.98 

1802 

1806 

18-11 

18-16 

l8-20 

18-24 

18-28 

18*33 

18*38 

18.42 

18-46 

18.50 

18*55 

18.60 

18-64 

18-68 

i 8-72 

18-77 

18*82 

18*86 

18*90 

18 *94 

18.99 

19*03 

19*07 

19*11 

19 * >5 

19*20 

19.24 
, 19*28 

19*32 

19*36 

19.41 

19*45 

19*49 

19*53 

19*57 

19-62 

19.66 

19.70 

19*74 

19.78 

19-82 

19.F6 

19.90 

19*94 

19.98 

20*02 

20*o6 ' 
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Table I. {continued). 


Anemometer 

reading. 

! 

Speed of air. 'I 

Anemometer 

reading. 

speed (if air. 

Anemometer ' 
reading. 

Speed of air. 

in. 

0*496 

0*498 

0*500 

0-510 

0*520 

0*530 

0.540 

0.550 

0.560 

0*570 

0*580 

ft. i)er sec. , 
20*10 ' 
20*14 

20- 18 

20.38 

20.58 

20*78 

20.98 ^ 

21.17 i 

21 - 37 1 

21.56 i 

21.75 ! 

in. 

0.590 

0.600 

0-610 

0-620 

0*630 

o-G^^o 

0-650 

0-660 

0-670 

0-680 

0*690 

ft. per sec. 

21 - 94 

22- 12 

22.30 

22.48 

22-66 

22- 84 

23- 02 
23.20 

2 3 - 3-8 
23-55 
23*72 

in. , 
0-700 

1 0.750 

1 o- 5 oo 
i 0-850 

I 0*900 

i| 0.950 
i! I ooo 

1! 1*250 

II I -500 
1.750 
2-000 

ft. per HOC. 

23- 89 

24 - 73 

25 - 54 

26.32 

2708 

’ 27.83 

28-55 

31-93 

34-97 
! 37-77 

40-37 


Table W.—Showini:; the 


Values of 


J S^9 
^ 459+^ 


for 


Values of t 


from o to looo; or Correetions for 1 emperature. 


t, 

degrees 

Fahrenlicit. 


0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

6 o 

65 

70 

75 

8o 

85 

90 

95 

100 

105 

no 

II5 

120 

125 


1*0634 
1-0577 
1.0520 
1*0464 
1*0409 
1-0355 
t I *0302 
1*0250 
1*0198 
1*0148 
1*0098 
1*0049 
1*0000 
0.9952 

0*9905 

0*9858 

0*9812 

0*9767 

0*9723 

0-9679 

0*9636 

0*9593 

0-9551 

0*9509 

0*9468 

0.9428 


degrees 

Fahrenheit. 

130 

135 

140 
•45 
♦ 150 
155 

160 

165 

170 

175 

180 

185 

190 

195 

200 

205 

210 

215 

22<y 

225 

230 

235 

/ 240 

245 

'250 

255 


v/- 


5iy 


ilegrees 

Fahrenheit. 


/ MU - 
4.V.I i t. 


0.9388 

0-9348 

0.9309 

0-9270 

0-9232 

0*9194 

0.9156 

0*9119 

0.9083 

0.9047 

0*9012 

0-8977 

0.8943 

0*8909 

0*8875 

0-8841 

0*8808 

0*8775 

08743 

0*8711 

o*868o 

0*8649 

0*8618 

0*8587 

0*8557 

o-85'7 


260 

0-8497 

265 

0*8467 

2)0 

0*8438 

275 

0-8409 

280 

0-8380 , 

285 

0.8352 

290 

0-8324 

295 

0-8296 

300 

0-8269 

305 

0-8242 

310 

0-8215 

315 

0-8189 

320 

0-8163 

325 

0.8137 

330 

P.8111 

335 


340 

0-8060 

345 

0*8035 

350 

0.8010 

355 

0-7985 

360 

0*7960 

365 

0.7936 

370 

0-7912 

375 

' 0-7888 

380 

o*’aI 65 

3«5 

0*7842 
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Table II. (continued). 


d OK roes 
Fahreiiholt. 

6Ut 

t, 

degrees 

Fahrenheit. 

- 

_j«_ 

degrees 

Fahrenheit. 


J 

46«+l. 

j 

^ 4594 -r. 

466+t. 

390 

0^7819 

595 

07017 

800 

0-6420 

395 

07786 

600 

07000 

805 

0-6407 

400 

07763 

605 

0-6983 

810 

0-6395 

405 

07741 

610 

0-6967 

815 

0-6382 

410 

07729 

615 

0-6951, 

820 

0-6369 

415 

• 07707 

620 

0-69^ 

825 

0-63 S 7 

420 

076S5 

625 

0-69 

830 

a 0-6345 

425 

07663 

630 

0-6903 

• 835 

0-6333 

430 

07641 

635 

0-6887 

840 

0-6321 

435 

07619 

640 

0-6871 

845 

0-6309 

440 

07598 

645 

0-6856 

850 

0-6297 

445 

07577 

650 

0-6841 

855 

0-6285 

450 

07556 

655 

0-6826 

860 

0-6273 

455 

07535 

64 0 

0-68 1 1 

865 

0-6261 

460 

07514 

665 

0-6796 

870 

0-6249 

465 

07494 

670 

0-6781 

875 

0-6237 

470 

07474 

675 

0-6766 

880 

0-6225 

475 

07454 

680 

0-6751 

885 

0-6214 

480 

07434 

685 

1 0-6736 

890 

0.6203 

485 

07414 

690 

1 0-6721 

895 

0-6192 

490 

07394 

695 

' 0-6706 

I 900 

'0-6181 

495 

07375 

700 

0.6691 

90s 

0-6169 

500 

07356 

705 

1 0-6678 

910 

0-6158 

505 

07337 ' 

710 

i 0-6662 

915 

0-6147 

510 

07318 

715 

; 0-6648 

920 

0-6136 

515 

07299 

720 

1 0-6634 

92 s 

0*6125 

520 

07280 

^ 725 

0-6620 

930 

0-6114 

525 

07261 

i 730 

1 0.6606 

935 

0-6103 

530 

07243, 

;i 735 

; 0-6592 

940 

0-6092 

535 

07225 

i 740 

00 

6 

945 

o-6o8i 

540 

07207 

i 745 

0-6565 

950 

0-6070 

* 545 

07189 

750 

0-6552 

955 

0-6059 

550 

O717I 

i 755 

0-6538 

960 

0-6048 

555 

07153 

; 760 

0-6524 

965 

< 0-6037 

560 

07137 

765 

0-651 1 

970 

0-6026 

565 

O7II9 

770 

0-6498 

975 

0-6015 

570 

07102 

! 775 

0-6485 

980 

0-6004 

575 

07085 

1 780 

0-6472 

985 

0-5994 

580 

07068 

i 785 

0-6459 

990 

0.5984 

585 

07051 

' 790 

0-6446 

995 

0-5974 

590 

i 

07034 

' 795 



0-6433 

1000 

1 0-5964 


Fletcher’s anemometer has been improved by Swan in the 
following way, practically returning to P^clet’s original con- 
struction (a similar plan has been independently proposed 
by P. Hart, Chem. News, xxi. p. 200). In lieu of the 4-in. 
cylinders he takes a U-tube of jS in. diaibeter, narrowed in the 
bend (0 diminish the oscillations. 1 he '’tube is 10 in. long, and 
placed with an inclination of each limb has a scale 
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and vernier, the latter partly made of glass and covering at the 
same time the scale ^nd tlrJ tube, so that it is easy to read off 
to yJit in. The ends of the tube are connected with a two-way 
cock, so that the current can be reversed without opening any 
joint Fig. 263 shows the instrument as seen fyom above, so 
that its inclination to the vertical line does not appear. It is 
fixed on a stand provided with a spirit-level and adjusting- 
screws. It is employed just like Fletchers anemometer ; but, 
owing to Uie inclination ©f i : 10, the column of e?her in the 
tube occupies ten tinges the space corresponding to its height, 
and the reading of , in. gives thus the same result as the 
very difficult one to ,VQ-(y Fletcher’s instrument. The 

narrowness of the tubes does not matter in the case of ether, as 



the friction may be entirely neglected with this substance (Uie 
later form, of Fletcher’s anemometer, shown in Fig. 262, bears 
this out as well). Swan’s anemometer must always be placed 
exactly level in the direction of its length ; but it need not be 
levelled across, if a reading be made in one limb, the two-way 
cock turned, and the new reading in the same limb subtracted 
from the first ; thus it is unnecessary to rc^d off at both limbs, 
which would involve levelling across as well. The s|^ 4 s are 
found from Fletcher’s table, dividing the readings by 10. 

Other instruments f6r measuring the draught are, for 
instance, those of Kretz {Dingl. polyt, /., cxc. p. 16), of Rams- 
bottom {tbid,y clxxx. p. 334), of Sch^urer-Kestner {ibid.^ cevi. 
p. 448, and ccxxi. p. 4^7), none of which can vie with Fletcher's 
in sensitiveness. Th& very ingenious anemometer oftHurter 
{ibid.^ ccxxix. p. 160) is only adapted ^r laboratory use. Cf 

3 
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also Bourdon’s multiplying anemometer {Comptes rend.^ xciv. 
p. 5 ; Soc. Chem. Ind., 1882, p. 60). ‘ ' 

One of the most delicate anemometers is Fryer’s, described 
in the Inspector's Report on the Alkali Acts for 1877-1878, p. 68. 
Its principle js to measure the difference of pressure on each 
side of a watch-glass shaped copper plate connected with a 
spiral spring. It will measure a 
pressure of of an inch. 

Recently differential anemo- 
meters on another principle have 
come into use very largely, and 
seem to be preferable to all others. 
There are already a good many 
forms of this apparatus, one of the 
best known being that of Professor 
Seger (Ger. P. 19426), shown in 
P^ig. 264. The calibrated U-tube A 
is surmounted by two cylindrical 
cups, H and C, of equal width. 
The board on which it is fastened 
also carries the sliding-scale D, 
adjustable by slits a a and screw- 
pins, b b. The tube is filled with 
two not miscible liquids, for in- 
stance heavy paraffin oil and dilute, 
coloured spirits of wine, of nearly 
equal specific gravity, to such an 
extent that the zero-point of the 
scale D can be put exactly at the 
line of contact of both liquids at 
X. If an aspirating force is act- 
ing on the surface of the liquid in 
C, which raises the level in that 
part of the tube, the point X will be lowered at a multiplied 
ratio, corresponding to the difference in the sectional area of 
the narrow part of A and the enlargement in C. If, for instance, 
the ratio of the sections is as i : 20, a difference of pressure of 
I mm. will be indicated on the scale by^ a sinking of X to the 
amountiof 20 mm. The scale is graduated in such a way that 
it indicates the pressure expressed in millimetres of water. 
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This instrument is much cheaper and easier to h?»fcle than 
those constructed dn Peclel’s piinciple and quite as accurate. 

A very sensitive pressure-gauge has been described by 
Vogt (/. prakt. Chem,, xiv. p. 284). The pressure is observed 
by the movement of a small air-bubble playing Jn a horizontal 
glass tube of 4 or 5 mm. diameter. The glass tube, besides 
this bubble, is filled with water or another liquid, and is con- 
nected on each side wiUi a bottle tubulated near the bottom. 
One of th^sc bottles is 15 to 16 c.c., the other 6 to*8 cc. wide ; 
the liquid stands at the same level in each. The pressure 
within the lead chamber is made to act upon the surface of 
the liquid in one of the bottles, and its amount measured by the 
position of the air-bubble. The apparatus is all the more 
sensitive the greater the difference between the diameter of the 
tube and that of the bottles. There is a contrivance for 
admitting a bubble of air previous to using the apparatus, and 
for again equalising the levels after use. 

A very simple pressure-gauge, sufficiently sensitive for 
ordinary purposes, is shown in F'ig. 265 (from Sorcl, Industries 



Fio. 265. 

Chimiques, p. 142). The tube a has an inclination from the 
level in the proportion of i ; lO; it is connected with a reservoir 
or 2 in. wide, upon which the pressure is .brought to 
act by the elastic tube c ^(if there^ is suction, the vesJbl to be 
tested must be connected with the bulb d). The gauge is filled 
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with a Inixture of water and spirit of wine coloured with 
magenta or otherwise. As the movement of the liquid in the 
bulb ^ can be neglected, any movement of the liquid in the 
tube a, as measured on the scale corresponds to one-tenth 
of its extent m real height. If, for instance, each degree on 
the scale is = iV in., it indicates a real pressure of in. It 
is best to cause the liquid to move before each observation, 
in order to counteract the effect of frictipn within the tube. 

The mece^urement of the velocity of a current of gas can be 
carried out by measuring the pressures before and l^ehind a 
throttling arrangement interposed in the conduit-pipe. On 
this principle is constructed the instrument of Dr H. Rabe 
(Ger. P. 1 1 1019), described in Z. angeiv. Chem.^ 1900, p. 236; 
1901, p. 950; 1903, p. 136. 

General Remarks on the Measurement of the Draught. 

Rabe (Z. angeiv. Chem.y 1905, p. 1735) draws attention to 
erroneous ideas frequently entertained on the indications given 
by pressure-gauges and anemometers. It is a mistake to 
assume that the velocity of a gaseous current can be directly 
inferred from the indication of the pressure-gauge. They 
merely show the difference of pressure between the apparatus 
to which they arc attached and the outer air. It is different 
with anemometei»:s ” like those described above, where both 
limbs of the instrument shaped in a special way are introduced 
inta the apparatus, whereas in ordinary pressure-gauges only 
one of the limbs is connected with the apparatus to be tested. 
By “velocity of the current of gas” we must understand the 
proportion of the quantity of the gas to the unit of time which 
the gas takes to pass through a unit of space in the apparatus, e.g..^ 
if 10 cb.m, of the gas pass through i cb.m, of the apparatus in one 
second, wq speak of a« gas-velocity = 10 ; indifferently, whether 
the comimts are wide or narrow, and whether the apparatus is 
empty or filled with packing, since only the space really 
occupied by the gas is taken into consideration. Nor does 
any throttling change the proportional velocity of the gas in 
the parts in front or behind, since the njovement takes place 
on both sides of the throttling-valve. Hence it is indifferent 
in which^'part of the chamber, system fhe throttling takes place, 
whether before the air inters the burners, or where the gases 
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enter the chamber^, or between the single chambers, or 
in front of or behind the Gay-Lussai ; in eiery case the whole 
of the gas is influenced in the same way, in spite of the view 
of many “ practical ” men differing from this. These considera- 
tions also appl^ to the action of the fan-blast spoken of suprh 
(pp. 735 sec/.). 

Calculation of the Volume of Chamber-gases according to 
, Temperature and Moisture. 

I • 

In all calculations concerning chamtfer-gases it is not 
sufficient to take into account the difference of temperature and 
barometric pressure from the normal state of o' and 760 mm., 
but the amount of moisture present in the chamber-atmosphere 
must be equally brought into the calculation. It is evidently 
impossible to do this on the assumption that the tension of 
aqueous vapour within the chambers is that ordinarily existing 
for any given temperature ; the presence of sulphuric acid, not 
merely at the bottom but all over in the shape of mist, greatly 
changes the aqueous-vapour tension according to the varying 
strength of the acid. The tables of Regnault and Sorel, given 
on pp. 311 and 312, would admit of making the calculation in 
the proper manner ; but it will be more convenient to consult 
the table on p. 779 (calculated by Sorel), which immediately 
gives ^he volume occupied by a cubic metre (or cubic foot) of 
air, originally at cC C. and 760 mm, pressure, after being brought 
into* equilibrium of temperature and vapour-tension with dilute 
sulphuric acid of luirying strength and temperature, but* without 
any change of pressure. 



CHAPTER VI 

THE RECOVERY OF THE NITRO('.EN COMTOUNDS 

The recovery of the nitrogen oxides which are still present in 
the gaseous mixture issuing from the last chamber has been 
previously mentioned as a process indispensable for the rational 
manufacture of sulphuric acid. It saves not merely at least 
two-thirds of the nitre, but also a great deal (a quarter up to a 
third) of the chamber-space ; it increases the yield of sulphuric 
acid, and, moreover, prevents the escape of acid fumes into the 
atmosphere. Several proce.sses may be employed for this 
object; but, with one exception, they only require to be briefly 
mentioned. The only plan which has turned out successful in 
manufacturing practice, and which, certainly after a considerable 
length of time, has been introduced into all well-maflaged 
works, is that which* was proposed by Ga} -Lussac as early as 
1827, viz.^ the absorption of the nitrous fumes by strong suU 
phuric acid. The chemical fact underlying this process, viz., 
the behaviour of the oxides and acids of sulphur and nitrogen 
towards one another, has been fully di.scusscd in Chapter HI. 
(PP‘ 330 €t seqf to which we must refer. We shall here 
examine the technical means employed for realising the possi- 
bility of recovering by far the greater part*of the nitre^ontained 
in the exit-gases from the vitriol-chambers. We recall, there- 
fore, only the following reactions. 

Moderately concentrated sulphuric acid absorbs from gaseous 
mixtures no nitric oxide except in the.prcscnce of oxygen, when 
of course higher nitrogen oxides are formed. Nitrous acid is 
absorbed with the formation of nitrososulphuric acid : 

2 H 2 SO, + N,03 = 2S0,(0II)(DN0) + 1 1,0. 
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Nitrogen peroxide Is absorbed with formation both of the 
just-named compound and of nitric Acid : » 

HjSO^ + N A = SOj(OH) (ONO) + HNO3. 

Nitrososulphuric acid is decomposed by water alone : 
2 S 03 ( 0 H) (ONO) + H ,,0 = 2 H,S 04 + Np,, 
or by water and SO^ : 

2SO5NH + SO, + 2H,,0 = 3H,S0., -I- 2NO. 

I C 

The most frequently used apparatus foi^ retaining the nitrous 
fumes by means of strong sulphuric acid is the coke-tower^ first 
proposed in 1827 by Gay-Lussac (who was acting as consulting- 
chemist to the St Gobain Co. at Chauny), and justly designated 
everywhere by the name of its inventor. From the facility 
which this apparatus gives of retaining at least two-thirds of all 
the nitre, and from the other important advantages realised by 
it, it might have been expected that it would have been 
generally introduced within a short period after its invention. 
But, most curiously, Gay-Lu.ssac’s invention was only carried 
out into practice for the first time fn 1842, at Chauny; and 
forty years after its invention the majority of sulphuric-acid 
makers did not possess either Gay-Lussac’s or any other 
apparatus for retaining the nitrous fumes ; nay, even some of 
those who had adopted it in the first instance had abandoned 
it again. 

^ The cause of this was that formerly the only practicable 
plan of recovering the nitre from the nitrous vitriol obtained in 
the Gay-Lussac tower consisted in diluting it with water, and 
that the expense of reconcentrating and of pumping the acid, 
etc., was thought to amount to nearly as much as the saving of 
nitre. Most manufacturers were not aware that the saving 
(which was mostly estimated too low, viz., equal to one-half of 
the n^trej was not the only advantage of the absorbing-towers. 
But the great dearth of nitrate of soda which occurred about 
the years 1868-1870 brought the maVter vividly before them; 
at the same time on the Continent the composition of the 
chamber-gases, the chamber-space, etc., were studied more 
closely, ancj the advantage of an excess 'of nitrous gas in the 
chambev's, which can only be secured by rfieans of an absorbing- 
tower, became evident. rThese circumstances led to the erection 
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of many Gay-Lussac towers, and the more so as somg> manu- 
facturers had never* given them up at all and had done very 
well with them. 

In England, where the theoretical part of the subject has 
been much less attended to, another practical invention had in 
the meantime been made, which entirely removed the only 
essential drawback of the Gay-Lussac absorbing-tower, viz., the 
necessity of reconcentrating the acid after denitrating it by 
dilution ; t]iis was the Ghvcr toiver. Whilst about* 1 870 only 
a comparatively ver)* small number of English works absorbed 
their nitre-gas at all, since then all the larger and better works 
have introduced the Gay-Lussac absorbing-tower, nearly always 
together with Glover’s dcnitrating-tower. Probably some few 
exceptions may still survive; but we are here only speaking of 
somewhat rationally managed factories. 

Gay-Lussac's Absorbing-Tower for Nitrous Gases 
consists of a chamber, placed at the end of the set of lead 
chambers, much higher than wide (a “tower” or “column”), of 
which the walls are made of a material capable of resisting 
sulphuric acid, and the interior space is filled with a material 
presenting a large surface. By means of this “packing” a 
stream of sulphuric acid entering the column from above is 
divided into small drops ; at the same time the current o[ gas 
rising up in the tower is divided into many small jets; and 
thus the contact betlveen the gas and the acid, covering the 
surface ofc the packing, is multiplied. The principle applied 
here is exactly the same as had been already employed for a 
long time in the “ scrubbers ” of gas-works, in order to deprive 
the gas of ammoniacal salts by washing it with water, and 
which is also applied to the condensation of hydrochloric acid 
in the decomposition of common salt: yt is alway^ this, to 
produce a great many points of contact between the*ga3 and 
the absorbing agent, and thereby to wash out the absorbable 
substance of the gas as much as possible ; or the interior of the 
tower may be represented as a filter which allows only the inert 
gas to pass, but retail^ the gas acteef upon by the absorbing 
agent. 

The reason why .such §n appa^tus is constructecK'in the 
shape of a tower or column (that is\hy it is made much 
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higher^than wide) is fhis, that in the case of apparatus with a 
considerable horizontal section it is* very difficult to distribute 
a comparatively thin stream of the absorbing liquid equally 
over the whole section, and at the same time to force the gas 
to meet the ^liquid all over. Of course, the gas has always a 
tendency to ri.se where its progress is not barred wholly or in 
part by a liquid ; unless the absorbing-vessels are pretty narrow, 
it is not possible to prevent the liqyid running down almost 
entirely in»some places, the gas rising in others, so thjat but little 
of the two would come into contact, and tte liquid would arrive 
at the bottom charged with very little absorbable matter, whilst 
the gas issuing at the top would still contain a good djal of it. 

From this follows this general principle: — An apparatus for 
the absorption of gases, such as those under consideration, 
should be made no wider than is necessary in order that the 
draught may not be impeded by the packing; and the necessary 
cubical volume of the packing should be obtained by making 
the tower so much higher. Thereby another object is also 
attained— viz., the gas entering at the bottom of the tower, 
where it is richly charged with ab*sorbable matter, meets a 
liquid containing already a good deal of the same, and there- 
fore not capable of dissolving much more, unless an abundant 
supply is presented to it, which is just the case under these 
circumstances ; op the other hand, the gas near the top of the 
tower, where it is almost entirely deprived of its absorbable 
pjirts, meets entirely fresh liquid, which is able to seize upon 
those parts even in a poor gas, whilst a partly saturated liquid 
would have no action upon such a gas. This is the theoretical 
explanation of the practical fact that a saturated absorbing 
liquid, together with exhaustion of the gas, can only be attained 
by building the towers very high. 

A considerable vertical height of the absorbing medium can 
be also ."bbtained by placing two towers alongside each other, 
and compelling the gas leaving the first tower at the top to pass 
downwards in order to rise again iif the second tower. As a 
rule this arrangement is not to be recommended, for two 
reasons ; — First, there is’a loss of draught caused by compelling 
the gas to.travel downwards for a portion of its course, and the 
conseef^ent great friction in the connec\ing-tube ; secondly, in 
this way certainly the^gas can be completely washed out, but 
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at the same time we do not obtain a saturated absorbing-Jiquid, 
both of the towers having t^ be fed with liquid, which at the 
end only attains half i\\c. degree of saturation that would have 
been attained in one tower equal in height to both those 
employed and fed with a single jet. Where the ^strength of 
the absorbing-liquid is of no consequence, it is often more 
convenient to employ two towers in series than one of double 
the height. With the lar^e Gay-Lussac space employed by 
many works it is certainly, found impossible to do with only 
one tower. In that ^iase two towers are employed, the first 
being fed with the acid run down in the second after pump- 
ing it up again. An arrangement decidedly to be rejected 
is found in many books and in a few badly arranged works, 
where, from mistaken economy, the absorbing-tower is made of 
twice the usual horizontal section, and divided into two halves 
by a partition, in order to pass the gas up one half and down 
the other. The saving in cost as against two tow'crs or a tower 
of double the height is not very considerable ; on the other 
hand, that half of the tower in which the gas has to descend is 
almost entirely sacrificed, because here, where the gas and the 
liquid travel in the same direction, their mutual action, as 
experience shows, is very inconsiderable ; both mostly travel 
downwards peacefully without interference and arrive at the 
bottom almost unchanged. The arrangement qf a double tower 
is inadmissible unless the partition extends right through, and 
the gas issuing from the one division passes downwards by a 
special pip^, and is allowed to a.scend again in the second 
division, and thus to meet the acid rain. This answers the 
same purpose as placing two towers alongside each other. 

As far as the width of the Gay-Lussac tower is concerned, 
it should be considerably wider than an empty tube of sufficient 
diameter for the current of gas, not merely ^ecause the packing 
of the tower occupies a large portion of its section a!W qnly 
leaves a small portion of it as clear space, but also because the 
packing must be purposely Arranged so as to divide the current 
of gas into a great many .separate jets, constantly changing 
their direction, and to expose them to the largest possible 
amount of contact with Ae surfaces of the packing wetted with 
the absorbing-liquid. The tower must therefore b^*wide 
enough to take account of this purposely increased friction. 
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Furthermore, it has to be considered that the slower the 
current of gas, the more time wftl be afforded for the action 
of the absorbing-liquid, and the more perfect that action will be. 
This would point to giving the tower as wide a section as 
possible, in-order to slacken the speed of the gaseous current. 
As, for the reasons stated above, this plan has various draw- 
backs, the inference is that a certain middle path should be 
taken : the tower should be made wide enough not to hinder 
the draught, and to leave sufficient time for the contact of the 
gas and the liquid, but not so wide that the liquid cannot 
be spread equally all over and that the gas can go past it. 
Evidently no exact calculations can be made as to the proper 
width ; experience only can decide this point. Formerly it was 
assumed that ordinary coke-packed Gay-Lussac towers ought 
not to exceed 7 ft. in width in order to secure a uniform dis- 
tribution of the gas and the acids, but later on towers up to 
14 ft. have been erected and no drawbacks are reported to have 
been caused by this extreme width. 

The dimensions of the Gay-Lussac tower necessarily corre- 
spond to those of the set of chaihbers to which it belongs; 
its cubical contents should be at least i per cent, of the chamber- 
space. For sets of from 140,000 to 200,000 cub. ft. the column 
might be 6 ft. in width and 50 ft, high ; for a set of from 70,000 
to 100,000 cub. , ft. a tower from 4 to 5 ft. in width and 40 ft. 
high is sufficient. In both cases it is best to give the tower an 
.additional height of 10 ft; there will be all the more saving 
of absorbing acid the higher the tower and the longer the acid* 
has to travel. These statements refer to chambers working 
with pyrites ; with brimstone the height of the tower need not 
exceed 26 ft. 

Undoubtedly a larger absorbing-space, say 2 per cent of 
the chamber-space^ permits working with a larger economy of 
nitre tian the above-stated sizes ; in the case of large sets this 
space will mostly have to be divided into two towers. In fact, 
when the absorbing space at the farrow chemical works was 
raised to 90 cub. ft. per ton of pyrites per week, which amounts 
to about 2 per cent, of the chamber-space, the consumption of 
nitre was brought down from 1*45 to 105 part per 100 parts 
of p;^<yites. Similar results have been* obtained elsewhere, for 
instance at Runcorn.'^ 
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At the Oker works, one set has three fiay-Lussacs wc|*king 
parallel, each 3 ft. 9 •in. wioe and 32 ft. high, capacity 1300 
cub. ft. = 1*09 per cent, of the cube of the chambers. The other 
four sets have similar towers, of cubic capacities = 1-30, 1-45, 
170, 0*96 of the cube of the chambers. They are yacked with 
coke, and are fed with acid of 60" B. - 142'’ Tw., 100 to 130 
per cent, of the daily production. In one case a small plate- 
tower is also employed as 4)reliminary Gay-Lussac tower, with 
excellent results (cf. infra\ « • 

At the different #works belonging to the Saint-Gobain 
Chemical Company (the largest in France) the real working- 
space {i,e. that occupied by the coke packing) of the Gay-Lussac 
towers formerly amounted to rather more than 5 cb.m, (say 
180 cub. ft) per ton of pyrites burnt in twenty-four hours, or 
from 07 to I per cent, of the chamber-space. But recently this 
has been very much enlarged, and now amounts to 13 or 1 5 cb.m, 
(say 455 to 525 cub. ft.) per ton of pyrites, or from 2 to 3 per 
cent of the chamber-space, with a special view to“ forced work " 
(pp. 639 et seq^. This does not comprise the space below the 
grates, that above the packfng, and that occupied by the brick 
lining, whilst in most other statements the whole space within 
the leaden shell is included. 

The foundations of the tower must, of course, be very sub- 
stantial, and, if possible, constructed in such ^ way that any 
acid running over will not damage them. It is preferable to 
place the towers high enough to avoid the gas from the last, 
chamber having to descend towards the tower ; if, however, the 
chambers are very high above the ground, this would involve 
considerable difficulty’ and expense, and the tower is then 
raised only high enough above the ground to leave a natural 
fall from its bottom to an acid-tank, and from this to the 
pumping-apparatus for the nitrous vitriol. ^ 

-The foundations usually consist of a solid block of briskw^rk 
or stones, or else of two strong pillars surmounted by an 
1 8-in. arch. Sometimes cikt-iron columns are employed, on 
which are placed iron girders, and crossways on these iron 
T-shaped bearers (usuaHy railway-rails), close together so as 
to form a continuous platform. These (as well as aay brick- 
or stonework) must be ^ell painted with (frequently renAved) 
tar-paint, and must be covered at the tc^ by a leaden apron, 
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whiclti directs all tht drips past the pillars into a safe place, 
where the foundations or pillars cannot be touched by it. (The 
same plan should be followed for the foundations of Glover 
towers.) 

The fra^iework of Gay-Lussac towers is sometimes made of 
angle-iron, but more frequently of timber. In the case of 
towers of an angular section such frames are constructed in the 
usual way, as is seen in our diagrams of Gay-Lussac towers. 
Circular’towers of moderate section are best made with a frame 
of four uprights, placed in the corners a square ; to these, at 
every 6 ft. of height, metal brackets are fixed ; from these are 
suspended, by means of hooks, broad iron hoops (say 3 in. 
wide), which closely gird the tower and support its lead shell. 
Wide towers are built like circular Glover towers (see these). 

The timber frame niu.st be kept clear of the lead, just as 
in the case of the vitriol-chambers (p. 603); this, of course, 
is even more necessary in the case of the Glover tower (see 
below). 

In most cases the Gay-Lussac tower is made of lead. The 
lead in continental works is sometimes unnecessarily thick, 
from 14 to 28 lb. to the .square foot ; in British works it is often 
no more than 7 lb. or even 6 lb. to the square foot, like the 
chamber-lead. It is, however, better to make the tower of 8 lb. 
lead, the bottorq, being a pound or two stronger. There is no 
reason why the lead should be stronger than this : the gas as 
Avell as the acid in this apparatus are only moderately warm, 
and, indeed, should be as cool as possible ; nor is the lateral 
pressure of the coke, if properly packed, so great that it need 
cause any fear. At all events the lead sides are necessarily 
supported by a frame. Both circular and square towers are 
employed ; the former take less lead for the same area. They 
are frequently lined inside with bricks, which are put in dry 
alo^ig ivith the packing; “split bricks” of i-in. thickness are 
often employed for this purpose, lest too much space should be 
lost. The object of this lining is' to prevent the coke from 
cutting the lead in settling down. It seems, however, hardly 
worth while to go to the expense of the lining, and at the same 
time to Jessen the area of the tower, for such a small matter, 
which* can be easily remedied by^ putting on a patch of lead ; 
the lateral pressure o^ the coke can only be avoided by making 
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the lining at least 9 in. thick, which is rafely done, as it pastes 
too much space. • 

In the case of square towers, the sheets forming the sides 
should be in one piece from top to bottom. They are best jiut 
up by placing the roll of lead on the level of the tywer-bottom, 
unrolling it, supporting the remainder of the roll as it rises 
upwards and putting the straps in their places as the roll goes 
up. This is a much safjpr 

plan than the other : hoist, | 

ing the whole roll of lead to 

the top and allowing it to 

unroll, gradually fixing the 

straps all along. 

The sheets forming the 
sides should be turned over 
at the corners in order to 
make a joint with the next 
sheet (Fig. 266). The over- 
laps of the seams must, in • 
every case, be placed ouf- 
side (also in the case of the 

Glover tower) ; otherwise they would be quickly destroyed. 
The bottom is made of a single sheet, the four edges being 

The corner.'^ are not cut-out 
and burnt, but are simply 
folded up as shown in Fig. 26;z, 
Circular towers are built 
up of annular drums, one 
above the other, each being 
.supported by straps nailed 
to the upright posts, or, pre- 
ferably, ^xed in such a way 
that the overlap of tte s#am 
is turned over 3-in. iron hoops suspended from the uprights 
(p. 788). This plan at fhe same time protects the hoops 
and gives an excellent stay to the tower. If there are 
more than four upright posts, one or •more of them must be 
left Out during the building of the tower, to get the leaden 
drums in. • •• 

In the south of France octagonal Ga^-Lussac towers are in 


turned up to form the upstand. 



Fig. 267. 
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use, bijilt of Volvic l^va (see later on), like a hydrochloric-acid 
condenser, without any lead shell. ^ 

All Gay-Lussac towers \iKve: 2iX\ internal filling packing 
which at one time mostly consisted of coke. This material was 
formerly regarded as the best for this purpose, because its 
irregular shape and rough surfaces offer to the gas a very large 
area of contact with the liquid. Another advantage which 
coke has over other materials, as pieces of glass, earthenware, 
flints, etcf, is its comparatively ligjit weight. But two other 
advantages sometimes claimed for it,' viz., porosity and resistance 
to chemical action, are non-existent. The contention that coke, 
owing to its porosity, offers a great many internal surfaces for 
the contact between the gas and the liquid is erroneous. In 
the first place, porous coke is worthless for a coke-tower, for 
which dense coke is indispensable; secondly, the pores must at 
once be filled with liquid, which thus cannot come into contact 
with the gas passing outside. It is not owing to its porosity, but 
to its rougher, more irregular, and therefor much larger surface^ 
that coke is preferable to broken glass or earthenware, etc. 

It is necessary to be very earful in the selection of the 
coke. Gas-coke is of no use at all here ; only the hardest-burnt 
oven-coke must be used, giving a clear ring and as little porous 
as possible, of a silvery white, not of a dull black. It must be 
carefully packed, ^rejecting all dull black pieces. First only the 
large pieces, a foot and upwards in length, are picked out; 
these are placed in horizontal layers directly over the grating 
of the tower, crossing each other if possible; each .piece must 
be placed by hand, inconvenient as it is that the workman has 
to be lowered from 'the top to the bottom of the tower, and 
must receive his material in the same manner. Thus the first 
third of the tower is packed ; then come the pieces next in 
size ; and for the last third the smaller lumps may be used, and 
maj^ be'simply emptied in out of baskets. Nothing, however, 
is allowed to go into the tower which has not been sifted 
through a riddle with 3-in. holes.^ Unless a coke-tower is 
packed most carefully, either the draught through it will be 
impeded, or there will be too much way left for the gas, or, in 
the most frequent and worst case, the packing will be too loose 
in soriie places and too dense in others; and thus there will be 
bad absorption as welkas bad draught. 
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Soft porous coke must be rejected fC>r two reasons^- firsts 
t cannot support tjhe pressure of the superjacent column 
vithout being crushed, thus stopping the draught; secondly, 
luch soft coke is soon acted upon by nitrous vitriol, and is 
eventually converted into a thick paste ; this is ^ery bad for 
:he draught, and may necessitate repacking the tower. It 
sdso imparts a dark brown, at first nearly black, colour to the 
acid run through the tower for a considerable time (seveial 
months) after a tower has been freshly packed. 

The claifn formerly made for coke, that it is not acted upon 
by the gases or liquids within the Gay-Lussac tower, must be 
declared untenable even for the hardest-burnt coke, since 1 have 
shown (/. Chem. Ind, uSSs, p. 3O that the reason why 
“nitrous vitriol” never, except under totally abnormal circum- 
stances, contains any nitric acid, even when the gases entering 
into the tower had contained N., 0 ^, is this, that the coke 
reduces the nitric acid originally formed from the N./)^ to nitro.so- 
sulphuric acid ; this takes place slowly at ordinary tempera- 
tures, but very quickly and completely at .slightl\- higher ones 
(30" to 40" C.), such as the> generally rule in the tower. 

In a subsequent investigation (Z. angcw, 67/r;//., 1890, p. 195 ) 

I showed that the action goes further, and that nitrous (/.r. in 
this case nitrososulphuric) acid is reduced by the action of coke 
to nitric oxide, with formation of carbon dioxide. It is true 
that at the ordinary, or at a slightly raised, temperature this 
action is only very slow ; but even then it is quite perceptibly, 
and at temperatures above 70° it becomes very strong {cj. p. 
350). This no doubt accounts for some of the losses m the 
manufacture of sulpharic acid, and it would seem to speak in 
favour of employing a description of packing which is not acted 
upon by the nitre in any way. In fact, at .some works the 
ordinary coke-towers must be repacked every year,^ and in 
places where the coke-packing has been replaced by (.yliinjcrs 
of hard stoneware, the nitrous vitriol is very much stronger 
than with coke-packing under similar circumstances. 

Hallwell {Chem, ZeiL, 1893, p. 263) noticed a distinct saving 
of nitre when he replaced the coke-packing by stoneware. 

Of course, dense coke is less acted upon than porous coke 
(as distinctly proved onte more in mv experiments) ; thy^latter 
does not even resist the actfon of pure •oncentrated sulphuric 

3 E 
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acid ^ithout disint^ration. But in the end all coke is 
gradually wasted, and long befo/e this* is done to such an 
extent that the real loss of weight would make it necessary to 
replenish the tower, the mud formed by the disintegration of 
part of the coke stops up the draught to an intolerable extent. 
Flushing the tower with water is sometimes a remedy, but is 
far from being always efficacious. 

In the case of very high towers, sometimes one or two grids 
are interposed at various heights^ for supporting the upper 
layers of the coke. These grids aref mad$ of iron bars cased in 
lead. Unless they are very carefully arranged, as will be shown 
in our drawings, they may go down with the coke packing, as 
the latter gradually sinks down, and may do more harm than 
good. 

The drawbacks notoriously existing in the case of coke- 
packed Gay-Lussac towers have long since led to the employ- 
ment of other styles of packing ; as such short cylinders of acid- 
proof stoneware arc mostly used, of which we shall speak in 
detail when describing the Glover tower. Other stoneware 
bodies, as Guttmann’s or the Bettenhausen balls or cones 
(p. 630), are equally used. 

We mention also the stoneware apparatus of Kypke (Ger. 
P. 97208) and of the Friedrichsfeld ceramic works (Ger. P. 
89025); Fischer' s^fahresber.^ 1898, p. 327. 

The Rhenania works at Stolberg, when packing Gay- 
^.ussac towers with cylinders alone, found that the stock of 
acid retained in the tower was not sufficient to j^rovide for 
irregularities of work. They find it preferable to combine 
cylinders with cpke packing, the former at the bottom, the latter 
in the upper part of the towers. If the pieces of coke are not 
too small, there is no stopping up by mud, and such a tower 
may go for many years (information received in 1902). 

yhq,Yarbenfabriken Bayer (Fr. P. 421952 of 1910) overcome 
the difficulties of evenly distributing the absorbing-liquids in 
towers by substituting for the usual packing sections of filtering 
material, in the form of layers of sand, charcoal, etc. At the 
lower side of the filters a large number of points are arranged 
where thp filtered liquid collects and drops on to the tray 
belo\V%< Vertical tubes are suitably arranged for the -upward 
passage of the gases, a* 
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Other forms of lining and packiri|[, which are equally 
applicable to Gay-Lfissac or other towers will be described later 
on in connection with the Glover towers. 

Plate-towers {Lunge toivers), — kx\ exceedingly suitable 
apparatus for this purpose is the plate-tower, descjibed pp. 657 
et seq. Liity {Z. angew. Chew ., 1897, j). 485) gives reports from 
eleven various firms in Germany, Austria, England, America, 
and Russia, which have greeted plate-columns as Gay-Lussac 
towers, and which are perfectly satisfied with the results. 
Niedenfiihr (Chem. Zeit., 1897, p. 20) quotes reports from 
factories, showing that the loss of draught with plate-towers is 
much less than with coke-towers (only 1-5 mm.), and that the 
former, if combined with the latter, consume less nitre and 
produce more acid than coke-towers alone, especially by the 
equalisation of disturbance.s in the work. 

A very good plan, where .several .sets of chambers arc at 
work in the same factory, is to pnjvide each set with a first 
Gay-Lussac tower in the .shaj)c of a “ Lunge tower ” and to 
convey the gases from ail the.se into a large central coke- 
tower; the large quantity*of weak nitrous vitriol employed in 
the latter is then employed for feeding all the plate-tower Gay- 
Lussacs of the individual sets (</. p. 811, the Griesheim system 
of centralising the Gay-Lussac towers). In this case the action 
on the coke i.s altogether insignificant, ov'ing to the Jow 
temperature and the slight amount of nitre to be dealt with in 
the central coke-towei*. • 

A Lunge tower of 15 or 20 ft. does the same work as a much 
wider coke-tower of 30 or 40 ft., and causes only a quarter or 
a sixth of the loss bf draught produced by the coke-tower 
(Niedenfiihr, 1902). 

The combination of plate-towers and a large central coke- 
tower has the further advantage that anyjnequalities of work 
are thus rendered practically harmless, and the osly freal 
objection to plate-towers, viz., the small .stock of acid which 
they contain, is thus compfetely avoided. As these towers arc 
so low, it will be possible in most cases to place their tops at a 
slightly lower level thag the bottom of the coke-tower and to 
feed them directly with the acid running from the latt«r without 
the necessity of again pumping up thj^ weak nitrous vitrkfl. 

By English acid-makers, coke-pack irflj^ was for a long time, 
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and isfperhaps even flow, preferrec^ to all others, as shown by 
an enquiry made in 1900 by Messrs P. S()ence & Sons {Chem, 
Trade xxvii. p. 262); but their reasons are not very 
conclusive, and the just-mentioned firm has itself decided for an 
improved br^k packing. No doubt some of the towers packed 
with bricks or cylinders have not answered their purpose, 
because the packing was too loose and nothing like as efficient 
for surface contact as coke-packing ;• but long experience has 
now shown that the latter, whose ; chemical draw, backs have 
been pointed out before, can be replaced by chemically 
indifferent stoneware, if moulded into proper shape (“Lunge 
plates,” “ Guttmann balls,” etc.), and that in this way the towers 
can be made very much smaller than coke-towers, one-sixth to 
one-tenth or even less. 

Repackwg Gay-f.ussac T'lfwrry.-— Coke-towers, owing to the 
above-described circumstances, must be emptied and repacked 
from time to time. This must be done with great care, on 
account of the nitrous gas present in the towers, which is very 
poisonous. Since accidents have happened through gases 
remaining in the tower, official rules have been laid down in 
Germany, of which the principal points are the following: — 
Before repacking is commenced, the tower must be completely 
disconnected from the chambers, but the connection with the 
chimney must be left open. The tower must now be washed 
first with sulphuric acid, then with water or steam, until the liquid 
running off tests at most no more than 3'’ B. (1022). During 
the taking out of the coke there must always be draught into 
the chimney : when unpacking from below the draught should 
act from the top ; when unpacking from the top the draught 
should act from the bottom. If this cannot be done, the cover 
must be removed and a large hole cut in the side at the bottom. 
Towers ^packed witl\ coke must be unpacked from the side and 
frorK wPvhoutjin the case of tall towers on different levels. The 
packing-material must be immediately removed. The workmen 
must be provided with mouth-sponges, respirating-apparatus, 
india-rubber gloves, etc. Before removing the mud collected 
at the bottom it must be stirred up from without with water, . 
and this must be repeated if nitrous vapours are evolved. Men 
suffering from lung- or heart-disease should not be employed in 
this kind of work. 
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The English Alkali Report, No. 31, p. 90, mentions#a fatal 
accident which occurred in repacking a well-washed and 
unpacked Gay-Lussac tower, and which was evidently caused 
by the nitre-gas retained by the old brick-lining. It is there- 
fore recommended to ventilate the towers in all cj|ses from the 
top downwards during unpacking and repacking. 

As an antidote against poisoning with nitrous vapours 
chloroform has been found to be very efficient {Cheni. Ind.^ 1904, 
pp. 296 an<J 379). The foUowing rules for its application have 
been issued by the Rheini.sch - We.stfalische Sprengstoff 
Company. The person afflicted is to take 3 to 5 drops of 
chloroform, poured out of a drop-flask into a tumbler of water, 
once every ten minutes. The drop-flasks hold 0 5 g. chloroform, 
which is the maximum dose allowed by the German Pharma- 
copoeia for a single taking; 1-5 g. = 3 drop-fla.sks being the 
maximum for a day. The weight of 3 drops chloroform is 
0-045 i that of 5 drops, 0-078 g. According to Reusch 
{Chem. Zeit., 1911, p, 289) strong and long inhalations of oxygen 
are preferable to the chloroform treatment. 

Special rules have been officially laid down in Germany for 
repacking Gay-Lussac and Glover towers [Chem, Ind.^ 1897, 

p- 365). 

The Chem. Trade /., published at Manchester, supplies 
posters for fixing up at chemical works, containing Rules for 
Dealing with Dangerous Gases^ of which the following is an 
abridged abstract. * 

No person may enter a boiler, tank, drain, vitriol-chamber, 
or tower, except provided with a suitable respirator in good 
condition. If the gases cannot be absorbed, the men must be 
provided with a face-piece supplied with air or oxygen. They 
must be secured round the waist by a rope, and a man must be 
in attendance to render assistance if necessary. If a man is 
“gassed,” he must be speedily removed into the open* air*' and 
placed in a warm, well-ventilated place. In bad cases an 
oxygen bottle (never to be used without a reducing-valve !) 
and lung exercise must be employed. If the man is conscious, 
the valve is very slightly turned on and the oxygen introduced 
into his mouth by a glass tube. If unconscious, the tub<^ is put 
in one corner of the mou,th, closing the lips round^ it and 
producing artificial respiration in the u^sual way; if the teeth 
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are sct.iput the tube in* one*of the nostrils. The “ lung exerdsc ** 
(described in detail in the “ Poster”) is the same as that used in ' 
the case of accidents by drowning ; it is not often necessary. 

Cof^p/ete Design of a Gay-Lussac Coke-tower, 

In our second edition, pp. 520 to 523, a description and. 
illustrations are given of a Gay-Lussac tower, as functionating at 
Friebcrg many years ago. In lieu of this we shall here give 
a design of a modern coke-tower, jas carried out • • 

Niedenfiihr, Figs. 268 to 272. Fig. 268 is*a sectional elevation, 
Fig. 269 another at right angles to it, P'ig. 270 a sectional plan 
on the plane FF, Fig. 271 on the plane GH, on a scale of 
I ; 100, and P'ig. 272 a plan of the network below the saucer. 

The tower stands on strong brick pillars (or else cast-iron 
column.s), with an arched top. Above this follows a hollow 
network .r of acid-proof brickwork, serving as cooling-channels 
for the wooden floor .jr, the outside of which is provided with 
the circular lead spout y, which keeps any acid running over 
away from the foundations. Six wooden uprights, zv w, form 
the scaffolding for the leaden shell of the tower ; they are tied , 
at top and bottom by cross pieces, v z\ forming a hexagonal 
frame. Ca.st-iron brackets fixed in iv iv support the lead sides 
of the tower, keeping the.se at a distance of i in. away from 
the wood. 

The bottom of the tower is formed of a lead dish, n u, with 
a' margin 6 in. high ; this is made of lead C mm. thick = 14 lb. to 
the square foot. The sides and top are made of lead 3 mm. 
thick = 7 lb. to the square foot. The inside of the tower is 
lined at the bottom up to the top of the grate with 13-in. brick- 
work, above that 7 ft. high with 9-in. brickwork, above this 12 ft. 
high with 4Lin. brickwork ; the remainder of the shell up to 
the top k^as no lining. The lining is everywhere kept an inch 
away fr6m the lead. 

The lead bottom is protected by thin acid-proof slabs. On 
these are erected pillars, a, b, which ’carry the stoneware grids, 
r, d, each consisting of three pieces, supported by the recesses 
of the pillars, as shown in the drawing. These bearers are 
5 in. vjide,*i6 in. high, and leave open spaces, e e, betw'een them, 

7 in. \Vide. They are bridged ovpr by the bricks, which 
support the packing, lormed of cylinders, to a height of 7 ft. 
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The cylinders (about wl\jcb cf, p. 792) ate placed as ^^own in 
F'ig. 270, so that eaih of them stands on the crossin^-^.x.int of 
four other cylinders. On the top of this packing tliere is a 
lead-covered cast-iron grid, A h (40 x 100 mm.), upon this 12 ft. 
high of coke-packing, then another grid, i /, aixUagain nearly 
12 ft. coke-packing. The top is formed by a shallow lead dish 
5 mm. thick, 2 in. deep, with a number of acid “ lutes,'' k k\ 
sealed by small cups and fed from the long spouts, //, which 
have as meyty lips as therCj^are lutes to feecl. 

This tower is 9 4 in. wide and 41 ft. high within the lead ; 

the inlet and outlet pipes are 25. J in. wide each. 

Falding {Min, I mi., vii. p. 691) gives a design of a Gay- 
Lus.sac tower which does not essentially differ from the above. 

both the inlet and outlet pipes of the Gay-Lussac .should 
be provided with a contrivance for iJie observaiiou of the colour 
of the gas before and after its passage through the tower — say, 
two glass panes placed opposite to each other; or a portion of 
each of the two {ji[)es may be made of glass. The gas ought 
to be of a ruddy colour before entering the tower, and perfectly 
colourless after leaving it* It is a very good plan to make the 
“sight” in the shape of a narrow lead box, 6 or 7 ft. long, with 
glass panes at the opposite small encks. In this case the colour 
is seen through a deep layer of gas, and any admixture of 
yellow vapours is much more easily di.scovefed than with the 
ordinary small sights. 

* 

Other Niirc-recovery Apparatus ou the Same Prhuiplc as that 
of (lay-Lussac. 

Instead of the Gay-Lussac tower in .some works, but rarely 
in large ones, and altogether only exceptionally, absorbing- 
apparatus composed of Woulfc's bottles are used. Two different 
arrangements of this kind, which are qu^tc obsolete now, are 
described and illustrated in our first edition, pp. 401 (0*403. 

More important than this arc the proposals to retain the 
form of an absorbing-tower or column, but tp make them in a 
cheaper or else in a more rational way than the ordinary large 
coke-tower. In our fi^st edition (pp. 377 and 378) two such 
arrangements are illihstrated, both of them consistini^; (jf stone- 
ware pipes ; but it is usele.ss to repeat their de.scriptioi> fiere, as 
they have not been practically tried or ?I.se act too imperfectly. 
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A very useful adc^ition to Gay-Lussac towers, especially 
where t^iey arc not sufficiently large, was dontemplated by the 
apparatus invented by F. Benkcr, and patented by the Soc. An. 
de Produits Chimiques de Javel (B. P. 10871 of 1884; Ger. P. 
30749; y. .SV^. Chcni. hid., 1885, p. 456). A small lead tower 
is placed in the way of the gases before entering the ordinary 



Fig. 273. 



Fig. 274. 


Gay-Lussac coke-tower. On its bottom there is a grid, 
covered with a little coke, merely to distribute the gases. 
On the top there are several spray-producers, of the shape 
shown on p. 753, Fig. 345. made of platinum, by which a fine 
rain of sulphuric acid is produced in the tower. The gases 
pa.ssing through it yi^ld up a large portiSti of their nitrous acid, 
so that much less work remains for fhe Gay-Lussac tower to do. 
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This plan has teen trie^ at several ^vorks, but wi^h only 
moderate success. • Probably the acid-drops fall down too 
quickly, before the gases have had .sufficient time to act upon 
them. 

The apparatus for absorbing gases by liquid*^ patented by 
Hoffmann and Carlisle (Ger. P. 48283), is shown in Fig.s. 273 
and 274. It consists of a column or tower, fitted with groups 
of spouts, a rt, inclined ,in opposite directions, in connection 
with overflow ve.ssels, b b. ^ This apparatus is also intended to 
make sulpfiuric acicMrom sulphur “evaporating” at the same 
time with nitric acid, both of them being forced into the 
apparatus by an injector, while the “spent gases” are forced 
back by another injector into the sulphur-chamber. It is not 
stated what material this apparatus is to be made of, and the 
very curious proposal for making sulphuric acid last de.scribed 
will suffice for judging of its technical value. 

Very similar to this is the apparatus of Izidore and Piscons 
(B. P. 19907 of 1898; Ger. P. 106022), which contains inclined 
channels attached to the sides of a chamber through which 
sulphuric acid is run for the purpose of absorbing the nitrous 
vapours. 

Distribution of the Feeding-acid. 

I'or working the Gay-Lussac towers (4s well as Gjover 
towers, etc.) it is of great importance that the supply of 
sulphuric acid, which* is to deprive the gases of their nitrous 
acid, be exactly regulated, and that from the beginning this 
acid be spread equally over the coke ; otherwise too much 
sulphuric acid is usdU, and yet the gas may pa.ss through the 
tower without giving up the whole of its nitrous acid. Special 
care must therefore be taken in the construction of the 
apparatus for spreading the acid. At one time this was 
performed by a number of small taps which evidenT;ly cgjmot 
be regulated for a very slight flow without danger of being 
stopped up, or by “ tumbling boxes ” and the like. 

We shall first describe an arrangement for distributing the 
acid, which was origipally applietl M the Aussig chemical 
works by Mr Schaffner, namely the acid-wheel. In this the 
supply of acid is regjtilated by single tap, which can be 
opened wide enough to prevent it ^rom being so easily 
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obstructed as the sixteen small taps ^’n the /orcner arrangement. 
Fig. 275 represents this apparatus on a sdale of 1:25. In the 
top of the tower there are sixteen holes, through which the 
acid trickles on to the coke below. Each hole has an upstand- 
ing rim abon,t i j in. in height, which is covered by a lead cap, 
nicked at the bottom in a few places to the depth of J in., so 
that the acid can pass through without hindrance. As soon as 
the top of the tower is covered with acid to the depth of that 
rim, the acid runs over into the insidj of the tower ; jDut no gas 
can escape through the holes, as they are Ifitcd with acid. The 
spreading of the acid is effected by a small reaction -wheel U, 
fed from the tank T by the tube a and the tap b, which 
regulates the supply. The lower part of the wheel and the 
two arms consist of lead ; in this is fixed above a strong gla.ss 
tube, and below another short glass tube, drawn out to a point 
which runs in a socket of glass or lead. One of the arms is 
al.so fitted with a glass tube, from which the acid runs out. 
There is a guide, consisting of two parallel rods of lead or of 
wood covered with lead, which rest on frames fixed in the 
holes e c of the top-frame, and on wliich four glass tubes are 
placed close to the upright column of the ap()aratus, so that they 
form a square within which the column revolves. As soon as 
the column is filled with acid the wheel revolves regularly, the 
liquid running oqt of the open arm. The quantity of the acid 
run in rules both the height to which the column is filled and 
tl)e velocity of its revolution. The axle of the wheel is exactly 
in the centre of the tower ; and a cylinder of lead about 4 in. 
in height is burnt to the top of the tower, so as to prevent the 
acid from getting to the centre. From ‘this cylinder sixteen 
radial ledges, </, also made of lead and burnt to the top-lead of 
the tower, branch off at equal distances. These are continued 
in a straight line as far as the periphery of an imaginary 
circlp^, be;^bnd which the wheel cannot discharge any acid, and 
then alter their direction ; so that between each two of them 
one of the above-mentioned sixteen holes is placed. Thus 
the top of the tower is divided into sixteen compartments, 
each of which contains *an opening fqr running off the acid, 
and all of .which are fed by the wheel with an equal quantity 
of aci(F . * * 

In England the ^reading-apparatus is generally made 
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altogetjier of lead ; we«ishall, further ipn, give drawing of such 
a spreading-wheel in the description of the Glover tower. 

Since it happens now and then that the reaction-wheel 
stops, especially with a small feed of acid, the arrangement of 
Seybel, at L^^sing near Vienna, can be recommended, by which 
the wheel at each revolution strikes against a bell audible from 
below. 

Even the best constructed acid-\yheels are liable to get 
stopped now and then, and this sometimes causes a great deal 
of trouble if it is not at once perceived, as ihe tower then ceases 
to work properly and much nitre gets lost. Hence a new 



system has been pretty generally introduced, which works quite 
as well as the acid-wheels without a n^echanical movement 
liable to get disturbed. It consists in running the acid into a 
vessel provided with a number of overflows kept exactly at the 
same level, each of these communicating with a separate pipe 
which loads the acid into the tower. This system can be 
carried out in a variety of ways, one of the best of which is 
shown in Fig. 276, as seen from above, Fig. 277 in transverse 
section. Fig. 278 in perspective view, with the sides partly cut 
away. From the top nr the liquid ruas into the central vessel 
A. The cover b is not exactly necessary, but is best provided, 
and is' trade loose, so that the interior of A is easily accessible. 
The cylinder A is nickeVl at the bottom, so that it communicates 
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attained by dressing tiie lead of th(^ lips a'liftle up or down, as 
the case may be. Once right, they always act in the same 
manner. The trough B is surrounded by the wider trough C, 
which is divided into as many cells as there are lips in B. 
Each cell is jndependent of its neighbour; but the partitions, 
e i\ are cut out on the top, so that, in case of the pipe of any 
one cell getting stopped up, the liquid overflows into the next 
cells, h^ach cell is also provided with a separate pipe d, made 
tight ill its bottom, and hydraulically .sealed either there, as it 
is shown in the diagram, or else on or wKhin the tower. The 
whole is generally, in the case of Gay-Lussac towers always, 
made of lead, but it may also be made of earthenware, iron, or 
other material suitable for any special ca.se. 

Briegleb (Gcr. W 10386) has constructed a distributing- 
a[)paratus consisting of a cone made of regulus metal, on the 
top of which a jet of acid is directed. 1'he upper part of the 
surface of the cone is plain, but the lower part is fluted, so that 
the acid is distributed into a number of jets which are caught 
in a circular ves.sel surrounding the base of the cone, and are 
separatel)' carried away by pipe.s. LNo doubt this apparatus 
can be made to work properly, but it is much less easily kept 
in order than the simple overflow apparatus shown on p. 802. 

In the case of towers of great horizontal section, where the 
number of pipes ^coming from the di.stributor is inconveniently 
large, much may be saved by employing only one pipe to 
eyery four holes on the top of the tower, each pipe ending over 
a small trough placed at the point of intersection of the lines 
connecting these four holes; these small troughs will then 
empty their contents simultaneously into clll the four holes. Of 
course the same precautions have to be taken for securing an 
equal flow into all the four holes as mentioned in connection 
with Figs. 2/6 to 278. 

ingenious, but somewhat complicated distributing- 
apparatus, in which a mechanical revolving drum is employed, 
is described in the patent of Brock and Saye (No. 1 1492 of 1885 ; 
/. Soc, Chem. Ind., 1886, p. 487). 

Hommel and the Metals Extraction Corporation (B. P. 
19668 of 1908) describe a special form of the apparatus for 
dividin'g,^he acid in Gay>Lq.ssac or Glover towers. 

Klute and Ising (Gi^r. P. 209276) place between the acid- 
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tank and the distj^iUuting apparatus a flciat- valve provic^d with 
several outlet pipes •which can be shut eff separately, so that in 
case of altering the supply of acid each pipe is opened entirely 
and cannot be stopped up by foreign bodies, which easily takes 
place in the case of partially opened valves. ^ 

The action of a column (whether it be a Gay-Lussac, or a 
Glover tower, or a hydrochloric-acid condenser, etc.) is, of 
course, all the more effiejent the more uniformly the feeding- 
acid is distributed over its whole area. It is ecjually self-evident 
that towers of a largfc horizontal section require more feeding- 
places than narrow ones. It may be laid down as a general 
rule that there ought to be no smaller number of distributing- 
pipes than one to each superficial foot of the cover of the 
tower; but this is a minimum which is greatl)’, and no doubt 
advantageously, exceeded at many works. 

Another way of dividing the feeding-liquids fur absorbing, 
condensing, and reaction-towers is described by the Imrben- 
fabriken vorm. Fr. Bayer 8: ('o. (Ger. B. 241767). They 
employ layers of a porous material, like sand, powdered coal or 
metals, or plates, rods, siAall tubes, etc., of a [)orous material, 
like burnt clay, sintered quartz, poroms cement, etc., through 
which the liquid sinters and is made to drop off at suitably 
arranged edges or point.s. By changing the grain, the porosity 
and the thickness of the porous layer, as weH as the height of 
liquid on the dividing plates, the velocity of feeding can bt 
regulated at will. * . 

The regulivity of the supply of acid to the coke-tower is of 
the utmost importance for its good working. The whole acid- 
chamber process is so* constituted that its course must be kept 
as continuous and uniform as possible, and the large bulk of 
the lead chambers in this case serves as a regulator, similar to 
the air-vessel of a blowing-engine, so that the gas, on leaving 
the chamber, issues, or at least ought fo issue, wTUi nparly 
absolutely uniform speed and composition. In similar intervals 
of time there will therefore be a similar quantity of nitre-gas 
leaving the chambers ; and this in the ab.sorbing-tower should 
always find the same qyantity of acid, lest cither there be an 
escape of nitre-gas or the nitrous vitriol come ouU too weak. 
But if the acid flows < 5 ut of a tanj^, the 'opening oUtfie l^ap 
remaining the same, the flow will bc^ much quicker at the 
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beginning, when the lank is full, tjian aftferivards, when it is 
partly Anpty, and the tower will thus be fed very irregularly. 
The speed of outflow of liquids decreases in the proportion of 
the square roots of the heights of liquid in the tank ; for instance, 
when the tanj: is filled to the height of 4 ft, the flow of acid 
will be twice as fast as when it only stands i ft high — both 
being cases which often happen in practice. 

In order to secure a very regular supply of absorbing-acid 
to the tower, several arrangements have been adopted— for 
instance, Mariotte's vessel (p. 709) or the ‘•apparatus shown in 
Fig. 279. The vessel Z is placed with its mouth downwards in 
an open basin K, in such a manner that its mouth is luted by 

the acid contained in the basin ; 

■ ' ■ therefore nothing can run out 

I I ^ of Z. But as the acid runs 

■ 1 ^ ' L' ‘'iway from E through the pipe b 

UHl on to the coke-tower, the level 

ID 1, |D ^ lowered, the mouth of Z 

^bipHlii^^ becomes free, a few air-bubbles 

- j enter, ‘and acid flows out till the 

’ Q] " original level is reached, and 

Fig. 279. the mouth of Z is luted again. 

The valve with the valve- 
rod c passing through a stuffing-box, serve for closing the mouth 
of Z during the time that this vessel is being fed through ,r. 

. In a simpler shape the same principle used to be applied a 
number of years ago in a few English alkali-works, as shown in 
Fig. 203 , p. 531 of our second edition, under the name of 
“vacuum retorts,” which have been abandoned as being too 
troublesome to keep in order. Very efficient is the balancing- 


apparatus, Fig. 280, A is the large acid-tank on the top of the 
coke-tower, made of wood lined with lead, which is filled from 
tim^^to kime. Beside it stands a lead cylinder B of equal height 
and 12 in. wide; the two communicate at the bottom through 
the lead pipe a. This pipe ends in A with a valve-seat b of 


hard lead, bored out in a taper shape. In this plays a ball- 
valve r, also made of h^rd antimonialjead (“ regulus ”), which 
is continued below into a small guide-rod, and above into the 
lead-c6 veered iron rod d, \yhich projeefs above A, and is sus- 
pended by a short chain from one arm of the balancing-beam e. 
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The latter swings^vith its centre on a st^el edge/ and carries 
on its other arm, erjactly over the cylinder H, anothe/ chain, 
from which a leaden bucket g is suspended inside B. Acid is 
poured into the bucket until it sinks to a certain depth in the 
acid standing in B ; by pouring in more or taking out some of 
the acid in g that depth, and with it the height of acid in B 
itself, can be regulated at any time ; this bucket is therefore a 
form of float, preferable to the solid lead float figured by 
Schwarzenberg. The bucket g is so weighted, and the length 



Fig. 280. 


of the chain such, that at a certain height of acid in B the valve 
c must close the opening h. The valve c with the rod d and its 
chain is about as heavy as the floaty' along with its chain, and 
closes the opening b so long as a portion of the weigltt of g is 
neutralised by the upward pressure of the acid in 13. As s6bn, 
however, as the cock h begins to run and the float sinks down, 
the rod d is raised by means of the beam and the ball-valve c 
leaves the opening h free ; thus acid flows across into B through 
<2, lifts the floaty, and c smks down into its position, ^closing b 
again. Thus, by smalV oscillations of always the tsame 
quantity of acid will run out of B in tlie same time, as tflis only 

3 



608 tlEC^VEtlY or THE NITROGEN COMPOUNDS 

depends on the weighs of ^ and the ^length* qf the chain, but is 
indep^dent of the level of the acid in A. The ends of the 
beam e are shaped as segments of a circle, in order (by means 
of the chains) to convert their circular movement into a 
rectilinear o^ie for the rod d and the bucket g. 

The above apparatus, as formerly figured in other books and 
as employed in many factories, does not work well, and has 
even been given up in many places where it had been erected. 
In the first place, the beam is usually represented swinging on 
a pin which passes through its cent/e ; biA then the friction is 
very great and soon becomes greater by the iron rusting, so 
that the beam sticks fast. This cannot happen if the arrange- 
ment is that shown in the above diagram, viz., a steel edge like 
those of delicate balances ; when strongly plated with nickel 
it remains free from rust. Eut, above all, the valve c ought not 
to be a truncated cone, as it is generally represented, but it 
should be ball-shaj)ed. The guiding by the arc-shaped arms of 
the beam is not so absolutely vertical that a conical valve could 
not now and then jam itself in its seat during its play upwards 
or downwards; in that case the appuratus ceases to work. If, 
however, the valve is ball-shaped, a slight deviation from the 
vertical does no harm, as the ball always closes the hole, and 
jamming fast is out of the question. Whilst those manu- 
facturers who had erected the above-mentioned imperfect 
apparatus were mostly induced to give it up again on account 
of its constantly breaking down, the arrangement figured here 
works with the greatest ease and regularity and can be highly 
recommended. At some of the largest works, from not being 
acquainted with the right way of making the apparatus, they 
have abandoned automatic regulation altogether, and leave it 
to the workmen to set the running-off tap of the acid-tanks 
according to the level of the acid — a very rude method, which, 
accprdiq^ to the explanation just given, there is no reason for 
retaining. 

(Whenever "lead-covered” iron rods are mentioned, it 
should be understood that for this purpose the iron rod is put 
into a pressed lead tube* of convenient bore, and both ends of 
the latter are soldered up.) 

FiS^.,, 28 i shows* a new kind of ‘acid-tap introduced by 
Ernst March Sohne Ut tharlottenburg, constructed entirely 
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different from t]>e* usual *\vay. The central part coi^ists of 
stoneware, and is connected with the two end pieces fiiade of 
antimony-lead, by means of screw- 
bolts. The plug of the tap is 
firmly pressed down by means of 
a metal screw on the top, so that 
there can be no leakages, but the 
plug can be loosened wh^n stuck 
fast. It is claimed that these taps 
combine the advantages of metal 
and stoneware taps. 

Some works employ for regu- 
lating the rate of feeding the contrivance shown in Fig. 28’, 
which is interposed between tap (7 and the central vessel A in 
the ap[)aratus, Fig. 278. 'I’he liquid runs from (7 into a leaden 
box, divided into two compartments, D and K. 1) communi- 
cates with E by the four pipes,/, //, /, ()lace(i at different 
levels, and the lip ; K is at the bottom provided with a wide 


4r 





Fig. 28:. 

outlet-tube /. According to the width to which tap (7 1« ope^ied, 
box D will be more or less filled ; with the strongest feed the 
acid will run into compartment E out of all four pipes and the 
lip k\ with a smaller feed fewer of the pipes will come into 
action. Supposing the«ittendant to b*e instructed to work with 
three pipes, he will have to see that the^ acid rur>8 out only 
of and h, the pressure being almost constant at ^he leyel 
of h. This, of course, is greatly preferable to regulating the 



Fig. 281. 
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positiojji of tap a by iTVire rule of thymb, arfd^it operates inde- 
pendently of the level of acid in the mai« reservoir to which 
tap a belongs. This contrivance acts very well. 

Wild’s apparatus, called “Semper idem” (made by the 



Vereinigte Thonwaarenwerke, Charlot- 
tenburg), realises a completely uniform 
velocity of outflow by means of a siphon 
floating in the liquid, so that the differ- 
ence of level between both arms of the 
siphon remams ahfays the same. The 
outer arm carries an index fixed to the 
plug of the tap, by means of which the 
speed of outflow can be made to vary 
at will. The first rough regulation is 
produced by a ball-valve. All this is 
made clear by Figs. 283 and 284r7 and b. 

Where the pulsouicters^ to be de- 


Fig. 283. .scribed below, arc introduced, probably 


one of these is provided for each kind 
of acid : Glover-tower acid,Gay-Lussiic acid, chamber-acid. In 
this case no special regulator for the pressure of outflow is 



required if the air-cock of the pulsometer is only opened to 
such an extent that the apparatus can work day and night 
without pumping up too much acid. The acid-tanks on the 
top of the ^towers are once for all filled up to a proper height 
and afe^kept at this by the play of the pulsometer with un- 
im’portant change of le>el. * 
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Centralised wo/lciugof Gay-Lussac lowers. — I'he 

very perfect system *(s followed at tlic Gricshcim works/ Seven 
sets of chambers are employed, each possessing ordinary Gay- 
Lussac towers; the whole of these communicate with a large 
common tower, of a horizontal section of lox^o ft., which 
receives the fresh acid of 142 ' Tw., divided into 480 jets. The 
resistance in this tower amounts to up to \ in. of water. 
The weak nitrous vitriol formed here is pumped up and feeds 
the ordinary Gay-Lussac towers. Since the.se require variable 
quantities of acid, this is divided among the .seven towers by 
an acid-wheel having seven chambers of variable dimensions, 
formed by slightly inclined movable spouts resting on the 
partitions between the chambers, lly .shifting these spouts 
backwards or forward.s, the time of feed and also the quantity 
of acid serving each compartment can be varied at will. From 
each compartment a pipe conducts the acid to one of the Gay- 
Lussac towers, where it is again subdivided in the ordinary way, 
(In the same works there is a similar arrangement for dividing 
the strong nitrous acid, chamber-acid, and nitric acid among 
the seven Glover towers, placed at a considerable distance from 
the central office.) F'igs. 285 to 288 illustrate the above. Fig. 
285 shows the acid-wheel, supported by the glass bulb a, float- 
ing in a ve.ssel filled with sulphuric acid. This avoids all 
friction, so that the wheel never stop.s. The glass point /^.and 
a short piece of tubing at the bottom form one of the guides ; 
a thimble rJ, just befow the funnel, constitutes the othc#r 
guide. VVe notice the seven compartments a, b, c, d, e, /, y, 
and the spouts y (Fig. 288), which can be moved backwards 
and forwards, and thus admit of dividing the supply at will. 
Thus, for instance, in F'ig. 288, which represents a .section 
through all the seven compartments (projected on a straight 
line), we find that the acid is divided among the six compart- 
ments rt, b, c, e,f,g in the proportion 7, 7, 7, 8, 5, 8 ; ^/^receives 
nothing, because the set of chambers to which it belongs is 
standing still. 

At Griesheim the nitrous vitriol is thus brought up to a 
strength equal to 60 g. NaNO^ per litre, and the total consump- 
tion of nitre has been brought down to 0 83 per IDO HgSO^. 
This system allows of keeping one o^ the .sets with an ^xcess/>f 
SOg (which is very good for concentration in platinum), since 
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the exit-gases from ‘this sy|tem are neutialised by the {.lascs of 
the other sets in the^central tower. i 

Piimping-apparatiis for Acid. 

It is rarely possible to feed the acid-tank on tljc top of the 
absorbing-tower with concentrated vitriol by natural fall ; where 
the concentration takes place in the Glover tower, that 
possibility is excluded ffom the outset. There is therefore 
need for d.x\^apparatus to force the acid up to the top of the absorb- 
ing tower ; the same* apparatus will also serve for forcing the 
nitrous vitriol and the chamber-acid to the top of the dcnitrat- 
ing tower. Ordinary force-pumps cannot be employed here, 
because these cannot be made without using metals which are 
acted upon by the acids, at least not for such quantities as have 
to be treated in this case. Fortunately, we have two metals 
which resist the sulphuric acid very well, viz., cast iron and lead, 
and with the aid of these an apparatus can be constructed in 
which the force-pump acts only indirectl)’, viz., through the 
compression of a column of air, which thus enters into the 
forcing-apparatus proper ^nd conveys the acid to any desired 
height. 

The ordinary plan of working (introduced about 1S3S by 
Harrison Blair) is this, to convey air compressed by an air- 
pump or, more properly speaking, by a smi|li blowing-engine 
into the pressure-apparatus, above the surface of the *acid, 
exactly similar to the \vay in which every chemist in his wasli- 
bottle forces the liquid up in the outlet-tube by blowing air in 
through another tube. In this proceeding there is no special 
limit of height, .so lorfg as the apparatus is made strong enough 
to resist the pressure, and the air-pump is sufficiently powerful. 

The air-pumps are generally constructed in this way The 
steam-cylinder and the air-cylinder arc both fixed on a common 
horizontal ground-plate, or cast in one piece with*Uie ; 
they are then worked by a common piston-rod with a piston at 
each end. A cross-head sliding between motion-bars gives the 
necessary guidance; and a pretty heavy fly-wheel secures 
regular action. The tdimensions df the pump arc chosen 
according to the size of the works; for a set of Chambers of 
from 140, OCX) to 200, ocx) cub. ft. ,a steam-cylinder*of 8j‘n. 
diameter, an air-cylinder of 12 in. diameter, and a stroke of 
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1 8 in.| with from 40»to 6o revolutV^^ns per cpinute, suffice for 
pumpiif^ all the nitrous vitriol, concentratcfJ acid, and chamber- 
acid. The compressed-air pipe in this case has il to in. 
bore. Much care has to be taken of the valves of these pumps : 
if they worl^with too much noise, they last only a very short 
time; but, in any case, a second pair must always be ready for 
putting on when the first give way. At the works formerly 
managed by myself, I sent the exhaust-steam of the engine 
into the steam -pipe for the chambers, the steam-bo^er belong- 
ing to which worked at only lo lb. pressure per square inch ; 
thus the steam for pumping the acid was got for next to 
nothing, since only the difference of pressure before and behind 
the stcam-cylinder had to be made good by consumption of 
fuel. \Cf. p. 733. This description was given in the first edition 
of this work (1.879), therefore much prior to the very 

similar proposal of Sprengel, B. P. No. 10798, of 1886.] 

The air-pipe, which must be made of very strong lead 
tubing, is not conducted direct from the air-pump to the 
pressure-apparatus, because in that case acid would inevitably 
be squirted back into the air-cylindei^and soon ruin the valves; 
but the air-pipe is carried upwards a distance of from 10 to 13 
ft., and then as much downwards, before entering the acid- 
vessel. Close to the air-cylinder a small branch-tube with a 
cock is soldered on, in order to let out the air when the 
pumping is finished. Sometimes there is also a pressure-gauge 
fi^ed to it : but this is not of much use ; for, in the first place, 
it is soon destroyed by the violent oscillations at every stroke 
of the piston and by the acid fumes ; and, secondly, the work- 
man can judge much more conveniently than by looking at the 
gauge, from the noise of the pump and the valves, whether it 
works easily or heavy — that is to say, with much or little 
pressure. 

Xhe 9,c1d-vessel s*erving as pressure-apparatus is made in 
various forms. Originally (and even now in many places) it 
was made in the shape of a soda-water bottle, as shown in Fig. 
289, afterwards as a horizontal cylinder (Fig. 290) with bolted- 
on covers; but it is now 'more usually, »as shown in Fig. 291, a 
horizontal cylinder with one semicircular and one neck-shaped 
end, tlife .latter closed by a^ manhole door. These vessels are 
called “ acid-eggs.” Tht vessels like Fig. 289 arc usually lined 
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^ith lead ; those lik^ Figs.^QO and 291 ujually not. Kxn^iriencc 
lias everywhere 'shawn that it is needless to protect *he cast 
iron of the acid-egg by a lining of lead ; even the nitrous vitriol 
and the chamber-acid act so little on cast iron that such a 
protection becomes unnecessary.* 1 have fmiiit^ an acid-egg 
after five years’ continuous use for .all three kinds of acid 111 
entirely good working order. Lining with lead has this draw- 
back, that as soon as a liftle air gets between the lead and the 

cast iron through the smallest possible chink the lead is driven 

• * * 



away from the iron in many places, and its protecting action 
becomes quite illusory, whilst the contents of the e„g c 
diminished Dilute acids are best pumped up by means of 

stoneware acid-eggs, as supplied by the Vercinigte Ihonwaaren- 

werke, Charlottenburg, or by stoneware pirlsometers. , 

The horizontal has several advantages over the 

> It has been noliced that the acid-egKs made 

[!:i'::drie;::radrhh‘o;:^ 

mixtures of sulphuric and nitric acid. A -or(^ ^ 
it is preferable to line the acid-eggs in any case wi i 
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shape that no. well is need9,d for tlie acid-egg, which 

may lie^on the floor and thus is accessible fell round ; secondly, 
that in the case of excessive pressure, the weakest part (viz. the 
manhole) being situated sideways, the acid squirting out is not 
so likely to ii>’ure men and machinery as in the case of squirting 
out vertically, especially if the cylinder is placed with the man- 
hole turned away from the machinery. 

In I'ig. 291, A is the acid-egg, w|;iose walls are 2 in. thick ; 



b is the neck, with the manhole lid a fixed to it by bolts and 
nuts^ ; a thick india-rubfcer washer makes the joint tight ; c is 

* Soi\ie manufacturers propose to construct ^he acid-eggs without man- 
holes, as trtbe may render diftcult to keep the joints tight, but the metal- 
casting must be much more difficult to make in this case. 
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a recess at the tjpftom A, into whicji the deliver) -^ipc 
projects, in order tc^ expel the contents of A as completely as 
possible; and /are three branch-pipes— r/ for introducing; 
the acid, r for the air-pipe, and /(the widest of them) for the 
delivery-pipe. The pipes have each a stroni;^Iead 
soldered to it, which rest on the flan^ms of the branches, / e, /'; 
by putting loose iron washers on the top, and screwing all three 
together by bolts and nuts, the joint becomes perfectly tight. 
The inlet branch d may be left open, and clo.sed after each 
filling by a small pla^e btdfed on ; but in most cases there is an 
ifilet vahe for the acid, of the shape shown in h'ig. 292. ('I'he 
plain stoppers with lever-rods, figured in Muspratt’s Chemistry, 
cannot stand any great pressure.) A and H are acid-tanks, 
which need not be placed so close to the pressure-valve (' as 
they are represented in the diagram. C is a cylinder of strong- 
lead, about 10 in. wide, whose top is on a level with the tojj of 
the tanks, but which is deeper than these, so th.it they may 
communicate with (' through the pipes a and /;, connected with 
their bottoms, a and b end in the bottoms of the tanks with 
valve-seats of “ regulus” rectal, and are usually clo.sed by taper 
valves with long lead-covered handles : no pre.ssure upon these 
is exercised from below, and therefore they need not be 
provided with any special contrivance against this, When it is 
necessary to run the contents of the.se two tanks, or that of a 
third tank, not visible in the diagram, but similarly commuiticat- 
ing with C, into the acid-egg, the re.-^pective botlom-stopjier is 
taken out, the bottom-valve e in (' also remaining open, 'i'lui 
latter valve, which mu.st be very well ground into its regulus 
seat, communicates through the pipe d with the corresponding 
inlet branch of the acid-egg. On the top it is connected with 
the lead-covered iron rod e, which ends above in a .screw-worm 
and can be turned by means of the hand-wheel /. A very 
strong iron frame, with a female thread corres^jonding^ to 
the worm is bolted to the bottom-joists, i i: both the timber 
and the iron rods must be very strong, as there is a good deal 
of strain upon them in screwing the valve in and out. As the 
cylinder C is equal in height to A an(> B, it can never run over ; 
and when the acid in C stands at the same level as^that in the 
tanks, the valve c is screwed down tjght by means of ^ht* hand- 
wheel, the corresponding Stopper is ptit into its seat in the 
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tanks, v^nd the air-puipp is started. ^The whftlc pressure of the 
acid, wKich has sometimes to be lifted t(j* a height of lOO ft, 
will then act from below on the valve c ; and unless the latter 
has been screwed down perfectly tight, the acid will squirt out 
violently, .'\lthough, with a little care on the part of the 
workman, this should never happen, yet several accident 
caused by men being splashed with acid have led to providing 



Fig. 292. 


the cylinder with a cover and a stuffing-box, k, through which 
the rod ^’jf«isses ; the* splashing then does no harm, as the acid 
cannot get out. At the same time the stuffing-box serves as a 
guide for the valve-rod, which would otherwise have to be 
provided in some other way. Sometimes (not always) there is 
a small pipe provided for*taking any acid squirted out into one 
of the thre^ tanks. In this way the same acid-egg can serve 
for puftiping strong Acid, nitrous vitriol* and chamber-acid out 
of their respective tankS one after another. 
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A self-acting apparatus /or filling the ftcid-cggs, const^’iicted 
by Mr Harrison Blair, which, Mr M«'ictcar says (/. S(^. Ar/s, 
1878, p. 558), works well, is shown here according to the descrip- 
tion in Richardson and Watts’ Chemical 'rcchnolo^i v, vol. i., part 
V., p. 217. A (Fig. 293) is a strong cylinder of U^ul closed at 
both ends [probably cast iron would be preferable] ; B a valve- 
box, and C a delivery-pipe, into whkh the pipe D enters a little 
above the vessel. D is continued to K, where it passes to the 
inside of the vessel, and F joins iJ at the lowest part. G is the 
pipe which brings t*lie air from the pump. So long as D 
contains no liquid, the air from the vessel will pass through, 
and by thus preventing an)’ pressure on the liquid in the vessel, 
it will be filled through the valve-box. When the vessel is full, 
the egress of the air through V being stojq)ed by the liquid, the 
latter will be forced up E (being lower than J^'), which, acting as 
a siphon, fills D and effectu- 
ally stops the passage of air. 

As the pressure of air in- 
creases, the liquid rises up the 
delivery-pipe and is conveyed 
to any required point, while 
the liquid in D falls with the 
level of that in the ves.sel, until this sinks below the bend in H, 
when the air rushes through, carrying with it ^11 the liciuid^out 
of D. This leaves a free passage for the escape of air during 
the time the vessel is ^gain being filled, the air-pump working 
the whole time. 

At the Rhenania works the rod e of the inlet-valve c (Fig. 




Fig. 293. 


292) is coupled with the air-cock on the acid-egg in such a way 
that when the egg is full the attendant cannot by mistake shut 
the air-cock first, but is obliged to screw down the valve c 
before he can shut the air-cock and open the connection with 
the air-pump. • 

An automatic acid-egg air-valvc described in Chem. Irade 
y., xvii. p. 82 (/. Soc. Chem. Ind., 1895, p. 749). The acid 
entering the egg tends to raise a wooden float, and this lifts a 
valve connected with the tir-tap. When later on the compressed 
air forces the acid out, the float descends and the air-suj^ly is 
automatically shut just as the last acid is^being driven t)ut. 

As soon as, in the ordinary kind of apparatus, the pumping 
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is finished, the air-pu^np, to which gow no resistance is offered, 
be^dns^ill at once to ^o extremely fast, arfd by its noise draws 
the attention of the workman to the necessity of stopping it. 
Directly after, the air-cock in the pipe conducting the com- 
pressed air#to the acid-egg is opened. Nevertheless some 
compressed air accompanies the last portions of the acid and 
rushes vehemently out of the top of the delivery-pipe ; and in 
order to prevent the <nid from splashftg about a special contriv- 
ance must be ado[>ted, for instance^that shown in ^'ig. 294. A 

leaden cylinder, open at 
top and bottom, stands 
within the tank A ; it is 
jagged out at the bottom 
in a few places ; and the 
holes a a higher up also 
help to give free communi- 
cation between and A. 
Also the top of ]l is cut 
out pretty deeply in a few 
'places (/; /;). Within B the 
perforated plate c is sus- 
pended by a few lead 
strips, t i\ the whole is 
covered by a loose cover, 
which is kept at a little 
distance from the top of B 
by the lead strips, so that 
the air can escape between 
them, d has a flange of 
8 in. depth ; in the centre 
it carries a short tube, to which the “ regulus ” cock of the 
delivery-pipe h is burnt. Since it is extremely difficult to keep 
such ®ock tight, especially under great pressure, it is sur- 
rounded below by the pipe g, which also fits into d, and thus 
carries away the droppings. This contrivance acts in the 
following way When the acid forced up through h arrives 
at the top, it runs through / and ^en through the sieve c 
and into •'the cylinder B, whence it easily passes through 
into A.* But in the lastvstage, when compressed air arrives 
at the same time with the acid, the latter cannot be squirted 
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about, nor can the* curren^t of air act upon the surfaccof the 
acid within the t'anU so as to splash it about ; for it broken 
by the sieve r, and escapes throu^rh the openin^^s of r and the 
annular space below d without duin^^ any damage ; the acid 
accompanying it runs quickly down through thc^sieve o The 
cock/and the pipe g are required only when a single :icid-cgg 
has to feed several tanks placed, at a considerable distance 
apart, for instance one on the absorbing-tower and two on the 
Glover tower; for then the dclivery-])ipe must be divided into 
two parts, and each* must 'be provided with a stojvcock, only 
that leading to the working tank being open. If, however, the 



tanks to be filled are placed close together, n(j cocks are required, 
but the simpler arrangement, Fig. 295, can be employed, which 
may also be made much smaller than (for the sake of clear- 
ness) is here indicated. Within the .same lead-lined box A 
there is a special compartment, li, constr acted b)' dieans of a 
lead partition, <?, and cover, b. The side of is jagged out at 
the bottom at c c, in order to communicate with A. The 
delivery-pipe fits into the cover b; the air rushes against the 
sieve e and escapes out pf the pipe / without doing any harm. 
In the bottom of A there are three valve-seats, g, //, and /, 
connected with as many pipes leadnig to ‘different tables ; but 
only one of the valves is left open at a tHne ; the two others are 
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closed* by plugs, anc^ the tanks communicating with them 
therefor^ receive nothing. r 

I n smaller works there is usually only one acid-egg, which serves 
for pumping all the strong acid, nitrous vitriol, and chamber- 
acid, one afte^the other. In this case the air-pump has nothing 
to do during the time that the egg is getting filled from one 
of the tanks; if the cubic ^:ontents of the chambers do not 
exceed 200,000 cub. ft., there is time enough for that. But 
where the chamber-space is larger, two acid-eggs, at least, will 
be required, of which one usually serves fof the strong acid and 
nitrous vitriol, the other for the chambcr-acid ; in this case the 
same air-pump can do all the work if the air-delivery pipe is 
provided with two branches and two .stop-cocks, one of the eggs 
always getting filled whilst the contents of the other egg are 
being pumped up ; the air-pump is thus fully utilised. 

John.son and Hutchinson (B. P. 8141, of 1885) describe a 
combination of three upright vessels, so connected that the 
compres.sed air contained in one is always utilised in the next, 
and is not lost, as in the usual process. 

A somewhat different kind of acid-lifting apparatus is 
Laurent’s pulsomcter. It is made of cast iron for sulphuric acid 
with lead pipes (Figs. 296 and 297), and of stoneware for 
hydrochloric or nitric acid (Fig. 298). In the former case the 
joint between thc^ cover a and pan b is best made good by a 
lead washer, in the latter case by an india-rubber washer; c is 
the manhole, with the rising-main d and the pipe e for com- 
pres.sed air. The rising-main d has a side connection with the 
swan-neck pipe f. The feed-pipe g is connected with the store- 
tank h ; the latter must be fixed at such a height that even 
when the pulsometer is quite full, and h nearly empty, there is 
still a greater head of liquitl on the pulsomcter than the length 
of pipe / The clack i (which may be replaced by a ball-valve 
or by a BCfnsen valve, as shown in Fig. 298) prevents the acid 
from being driven back into h whilst rising in d. Pipe d must 
be fixed in such a manner that it can be taken out together with 
pipe / in order to attend to the latter. 

The play of the apparatus is as fpllows : — The acid runs 
from h through g into b, during which time the air, continuously 
being forcjid in through e frpm the air-pump, escapes through / 
and d. As soon as vessel b has been filled to the upper opening 
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of / the air cannot,e*scape Vfry well, and ajittle pressure ensues. 
In spite of this, th*ough the momentum of inertia, t^e acid 
rises still a little, arrives at the top of the siphon (at /(’), and 
causes this to act, whereupon the level of the liquid in all the 
pipes becomes that of the outlet of }\ that is As the iiir 



Fin. 29G. 

• • 

cannot now escape, the pressure gradually gets up and the 
liquid rises in pipe / but sinks in vessel b. As the pressure on 
the surface of liquid in b must be the same at all points, and 
each point has also to begr the counter* pressure of the column 
of liquid in / the acid must sink exactly as much iathe outer 
limb of /as in the vessef^, and the ^evel hlust at last^rrfve at 
n. Now as the column of liquid between the lower end / of 
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pipe ^ and the uppe^r outflow at is stilt rather higher than 
that frorn the lowest point n of the siphon to the outflow at o, 



the air must throw the 
acid from « out of o, the 
pressure within b must 
cease, and the vessel b 
must be filled again from 
h through i and Even 
if a little acid had acci- 
dchtally run back from 
d into / and filled the 
siphon, this would not 
prevent the filling of b 
from //, since this tank 
(as we have seen above) 
is placed high enough 
for this purpose. 

If during the forcing 
up of the acid the out- 
flow from 0 , owing to 



Fig. 29;. 


F<g. 298. 


the friction in d^ were not so great as q)rresponds to the volume 
of air entering at b, strong pressure will ensue on the surface 
of ih€ lip^uid in b, And at^last the acW in siphon /would be 
forced to point n befdre the outer* level in b had sunk to that 
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point. Then the air wiy bubble up tjirough n into^r/ and 
out of 0, and will -keep the liquid column suspcnd<#:l. This 
bubbling can be perceived when the car is put close to d, and 
can be remedied by closing the air-pump cock a little, and 
afterwards regulating the pressure in the following way:— In 
the air-pipe c, which is ] of an inch wide, a flanged joint is 
made between the cock (not shown here) and the cover c, in 
which a copper disk is pjaced, perforated with a pin-hole (say 

in.)- If in case of the cock being quite open this hole is still 
too wide, so that ine air, instead of lifting the acid, bubbles 
through d, the pin-hole is narrowed to the required extent .so that 
in future the tap may be opened fully whenever the apparatus is 
to act. It can then go on for many )’cars without any super- 
vision, unless the valve / gets obstructed by impurities. 

Since, during the lime h is getting filled, the air escapes 
without being utilised, it is best to place the tank h at lea.st 
5 ft. above and make pipe^i,’* very wide, so as to shorten the 
time of filling. The compressed air must always be under the 
same pressure, and the air.j)ump must therefore have a regulator 
of some kind. The pin-liole in the regulating-disk must be 
arranged for the highest pressure which may be expected. 

It is possible to lift liquids to a greater height than corre- 
sponds to the pressure of air pre.scnt, by placing a .second 
pulsometer midway up the height to be overcome, and regulat- 
ing both pulsometers so as to act together. Above all, valve / 
must be kept in order; for strong sulphuric acid it must be 
made of lead (regulus metal), and very carefull)’ ; for chamber- 
acid or hydrochloric acid it may be made of india-rubber. 

This apparatus, tmee properly set, acts day and night 
without any supervision ; it is started or slopped in a moment 
by opening -a tap. 

Fig. 296 shows a pulsometer of 50 1. total, and 40 1 . available 
space; the rising-main must be ijj in. wide; in the case pf a 
wider pipe part of the acid would run back and air would rise 
up. The apparatus can act thirty times per hour, and lift 25 to 
30 cb.m, (.say 875 to 1050 cub. ft.) per twenty-four hours. Fig. 
297 shows an apparatus#intended for greater speed ; there is a 
rising-pipe, <7, of i to i J in. width, provided with a valve, and a 
much wider feed-pipe, c* also provided with a valve, -ii'he latter 
must always be full ; the outflow thus takes place under the 
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pressure of the liquid /:olumn d e, a|id therefore very quickly. 
Fig. 298^ shows the form best adapted foF stoneware vessels, 
which should stand a pressure of 4 atm. 

Simon (Z. angeiv. Chem., 1890, p. 356) describes a combina- 
tion of two similar pulsometers which utilises the compressed 
air otherwise escaping during the filling of the vessel, the 
apparatus being connected by a Y-pipe and automatic ball- 
valve. 

The principle of the pulsometer has been imj)roved by 
replacing the siphon by a float- valve and most thoroughly 
worked out by Paul Kestner, of Lille, London, and Berlin. 
His pulsometers arc illustrated and described in our vol. ii., 
2nd ed., pp. 408 et seq. ; in the present volume we have also shown, 
on p. 259, a Kestner’s pulsometer as constructed for nitric acid. 
Most chemical works now employ these apparatus, and speak 
very highly of them ; many works have abolished the acid-eggs 
entirely in favour of Kestner’s pulsometers. 

At PTeiberg, in 1902, Kestner pulsometers (which are still 
doing very good work) were in use, as well as real pumps. One 
kind of these is made of antimonial Icfad (“ regulus metal ”) with 
valves of phosphorus-bronze, another consists of a cast-iron 
barrel, lined inside with lead, with a porcelain ram and 
phosphorus-bronze valves. The former .serves only for pumping 
up to 33 ft., the latter up to 80 ft, (25 m.) by means of a lo-in. 
conduit. Both these and the Kestner pulsometer, which is used 
fqr the Gay-Lussac and precipitating towers, give entire 
satisfaction. 

In the J. Soc. Chem. Ind,, 1903, p. 337, Kestner discusses 
various systems of automatic acid-elevatofs, and in Chem, Zeit.^ 
1910, p. 734, he describes a special form of his pulsometer with 
back-suction for hot gases and for high pressure.s, 

Guttmann (/. Soc, Chem^ hid,,, 1903, p. 1333) greatly recom- 
mends frJpont’s ediulsifier, described in Z. angeiv, Chem,^ 

1903! p. 915* 

Recently Kestner has greatly improved his pulsometers, the 
new shape of which he styles: “Panzer Saure-Pulsometer ’* 
(armoured acid-pulsomet'ers). Model *A, shown in Fig. 299, is 
made of cayt iron for use with strong sulphuric acid or caustic 
liquor^ for weaker sulphufic acid it is lined with lead. The 
acfd runs from the tank A, placed at an elevation, through valve 
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M intoHhe puIsomcter^B. When is filledj^the acid lifts up 
the floal| X, whereby the rod C opens the inlet-valve in the 
air-distributor D and shuts the outlet-valve, so that the air 
forces the acid upwards in pipe T. Part of the compressed air 
at last enters jnto T; owing to the ensuing diminution of the 
pressure the float descends and opens the air-outlet, the air- 
inlet being shut. Thus the. force- pipe T can be left without 
a valve, which greatly increases the^ safety of the apparatus 
and the simplicity of working it. l^'or use with hj’drochloric 
acid the pulsometer is lined with c'bonite* or it is made of 
stoneware, like the pulsometers for nitric acid. Model B 
provides for the case that the spent-air must be separately 
conducted into the open air, when pumping fuming oil of 
vitriol, solutions of sulphur dioxide, etc., and for feeding filters, 
spray-producers, or similar purpo.ses. This form is shown in 
Fig. 300, Tile platinum wire A, passing through an acid- 
proof stuffing-box, carries the float C, and on its upper end 
causes the turning of the pulley 1^, which works the stoneware 
tap F .so as to admit or shut off the air. 

Mr Kestner states that his new'pulsometcrs arc used in 
most German and Austrian acid-factories. Altogether 7000 
of his pulsometers have been sold. 

Automatic acid-elevators are also made by the Deutsche 
Steinzeugwarenfabrik in Fricdrichsfeld (Ger. Ps. 145599 
145660), as described in CV/tv//. bid., 1905, pp. 432-433. 

The firm Paul Schiitze & Co., at Oggersheim (Pfalz), manu- 
factures automatic acid-eggs of a special construction which 
have stood the te.st of many years’ practical experience. They 
are described in Cheni. Trade J,, 1905, xxxvi. p. 90. 

Plath has constructed an automatically acting acid-egg, 
supplied by the Deutsche Ton- und Steinzengwerke at Charlot- 
tenburg (Ger. P. 159079)- In angeiv. Chem., 1907, pp. 1186 
et S€(j., hc^dtscribes scfveral modifications of it. 

Some improvements in apparatus for raising liquids by air- 
pressure are described in the B. P. 1005 1, of 1907, by Scherb. 

C. Simon, of Stolberg, has constructed a pneumatic acid- 
pump, provided with an automatically*acting piston-governor, 
which is stilted to be superior to the regulation by floats in 
various rcvipects. Cf. also IJlath on mechanical means for rais- 
ing acids, Z, angru\ Chhn., 1902, p. 1311. 
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Tb. Meyer (Z. an^iv. Chem.^ PP- J 55 ^;^ 559 ) shows that 
the waf^-e of power in raising the acid hy compressed air is 
enormous ; the effect produced represents only 2-4 per cent, 
of the theoretical 71 per cent, of the motive power consumed 
in sulphurij-acid factory is required for the raising of acid by 
compressed air, at a cost of 5-67 pfennig per 100 kl. acid 50° 
B6. It is therefore an imporJtant task to find out a cheaper way 
of attaining the desired result, and this Meyer claims to have 
done, in the shape of a centrifugal pump (“Turbo-pump”), made 
of antimony-lead, built by the ffrm Sachsisch-Anhaltische 
Armaturenfabrik at Bernburg. He calculates the useful work 
of this pump = I9'4 per cent, of the theoretical, that is, eight 
times as much as that required for the acid-egg sy.stem, and a cost 
of only 071 pfennig per 100 kl. acid. He claims also some 
other advantages of his pump against the acid-eggs, viz., (i) less 
wear and tear of the acid-conduits, since there arc no violent 
shakings by the air, but quite even work ; (2) from the same 
reason, less loss of power. in the rising mains; (3) automatic 
working, without an attendant ; (4) no e.scape of nitrous gases, 
which is unavoidable when raising niftanis vitriol by compressed 
air ; (5) less cost of plant. 

The Badische Anilin- und Sodafabrik (Ger. P. appl. 
B60169) employs for their acid-eggs an automatically moving 
governor-tap, which is set into motion by a mercurial differential 
prcss*ure-gauge. 

A review of the recent progress in the construction of 
automatic apparatus for raising liquids by compressed air is 
given by Dcimler in Chem. 1911, pp. 39-46. 

We now pass on to the construction ’of tanks or reservoirs 
for sulphuric acid (much of which will apply also to hydrochloric 
and nitric acid). Open reservoirs for sulphuric acid are always 
made of lead, usually in the way shown in Fig. 292 and else- 
where, viz., 'a strong wooden frame to which the lead sides are 
fixed* by means of straps, turning the upper edge over the top, 
just as in the con.struction of chambers, or else a box made 
entirely of wood with lead lining ; in each case the thickness 
of the lead need not exceed 5 or 6 lbs. per superficial foot, if the 
wood frame is so constructed as to take all the side thrust; 
but it preferable to use^.thicker lead, say 9 or 10 lbs., on 
acc'ount of wear and tekr. Where it is intended that the acid 
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run into the tank. in a hoj^ state should (^ool therein, tht^ tanks 
are much better m;4(le circular in shape, of much thic^cer lead 
(say 10 lbs. or more), and strengthened on the outside with 
strong iron hoops, which may be connected hy strong cross- 
stays in the case of very large tanks. Considerinjjt increase 
of pressure from the top downwards, the binding-hoops should 
be placed nearer together in the lower part of the tank. 

Even brkkwork may serve for acid-tanks (sul[)huric, hydro- 
chloric, nitric acid), if the bricks, tiles, stones, etc., are acid- 
proof. Volvic lava°is the best material {cf> later on). The 
mortar in this case should be that described on p. 149, viz., a 
paste made of asbestos powder and silicate-of-soda solution, with 
or without some other solid admixture, as barytes, etc. This 
mortar should at first not be brought into contact with water, 
which would dissolve out the sodium silicate, but at once with 
acid, which causes silicic acid to be separated in the solid state 
and to render the joints perfectly tight. 

For closed tanks for sulphuric and strong nitric acid the best 
material is iron, either cast or wrought iron, as ma)' be most 
suitable for constructive ♦purposes ; and this material is also 
adapted even for pipes, etc., in cases where no air can enter, 
whose moisture might dilute the acid. 

Working the Gay-Lussac Tower. 

After the above explanations but little need be said as to 
the working of the absorbing-tower. The following points hnvp 
to be observed in this respect. 

The gas entering the tower must .show a distinctly red colour 
in the “sight”; on the other hand, the exit - sight,” behind 
which a board painted white ought to be placed, should show a 
perfectly colourless gas. The gas escaping from the top of the 
tower, or of the chimney connected with it, ought not to 
produce any considerable amount of red vapours wher^ it m^ets 
the outer air (see below). Furthermore, the chamber-gas before 
entering the tower should be as dry and as cool as possible, lest 
the ab.sorbing-acid be diluted or heated. For this purpose the 
last chamber receives vory little, sometimes even no steam, so 
that its acid remains at about 106° Tw.; moreover the gas is 
often conducted through a long p^e or a tunnel, 9r ihto a 
shallow box with several vertical partitions, where it has to 
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move ‘backwards anj^ forwards. \n thes'e . cooling-apparatus 
water n^ay be applied outwardly to assist the cooling, especially 
in summer-time. Sometimes the bottom of the box is covered 
with strong vitriol, in order to dry the gas ; this, however, to a 
certain extc^it, only anticipates the tower. Hartmann and 
Benker (Z. angew. C/icm., 1906, p. 136) employ a tubular cooler 
for the same purpose. The mlphuric acid serving for absorption 
must show at least 144' Tw.; but ^this is only 'a minimum, 
which ought to be exceeded if possible; acid of 1^8° absorbs 
much better, that of 150'^ or 152'' Tw.* better still; wher- 
ever possible, acid of 152’ Tw. should be employed for the 
absorbing-process. Such acid can be got without any difficulty 
from the (j lover tower — not quite so easily from pans placed 
on the top of the pyrites-burners, where the acid rarely gets 
beyond 144 '. Schwarzenberg even proposed to use acid of 170° 
Tw., because it absorbs three times as much as that of 144'' ; 
but this is out of the question, owing to the large additional 
cost of concentrating from 152" to 170'. 

Above everything, care must be taken that the acid used for 
absorbing is as cool as possible. Hot acid absorbs very badly ; 
much nitre is lost, and at the same time a weak nitrous vitriol 
is produced. Borntrager {DiHgl. polyt. /., vol. cclviii. p. 230) 
goes so far as to suggest cooling the acid down to s'" C., but it 
is hardly po.ssible to go to that length. In fact, at the French 
works they believe that 25“" is the best working temperature. 
U is therefore nece.ssary either to provide a very large tank for 
cooling the acid concentrated in pans or in the Glover tower 
before it is used in the Gay-Lussac tower, or else (as the 
cooling by mere exposure to the air is^ a very slow process, 
especially in summer, and in large w'orks enormous tanks would 
be required for it) special cooling-apparatus is employed. As 
such many works use double spouts — an outer one filled with 
water, ai;d*an inner ( 5 ne, in which the hot acid travels. In this 
. case* it is rarely possible to apply the rational principle of 
running the cooling-water in a current opposite to that of the 
acid to be cooled, because, on account of the length of the 
spouts, there is no fall fcfr this. Such%double spouts also have 
a disagreesible tendency to swell out at the bottom whenever 
a littfe nipre pressure tak^s place, because the lead when hot 
diminishes in strength* which in any case is not considerable. 
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This drawback Cau-uc avoided by the arr?yigement sketched in 
Fig. 301, viz., by attaR:hing to the spout, at about ever}'^() ft. of 
its length, a tube rising perpendicularly from the double bottom 
through the upper spout and bending over the side of the 
latter; the water can issue out of this, in case yf ^ 
stronger pressure, without mixing with the acid. fjm 
The upright tube also serves for the escape of the 
air-bubbles \\fhich are often contained in the water, ’ 

and which yiay stop the stream as well as cause the spout to 
bulge out. 

On pp. 551 to 553 of our second edition a tubular cooling- 
apparatus is described and illustrated, to which we merely refer 
here as it is now obsolete. 

A simpler but perfectly efficient cooling-apfiaratus is found 
in most German works. The acid runs out of the (j lover tower 
immediately into a cylindrical trough of thick lead, about 2 ft. 
high and wide, and runs out of it again through a i)ij)c coming 
away sideways from its bottom and turned upwards. In the 
trough there is a narrowly wound lead coil or even two such 
coils, through which cold water is continual})- running from 
below ; getting heated in the bottom part of the coil, it rises up 
and is taken away hot at the top. The cooling here generally 
goes down to 40 C., and is supplemented by letting the acid 
stand in tanks ; but 30° to 35 C. might easily be attained. 
This is a very rational method of cooling, because the hot acid 
running in at the top'comes into contact with the upper, hot 
part of the water-coil, whilst the acid ultimately flowing away 
from the bottom, which is already cooled down to a great 
extent, is cooled still farther by the cold water in the bottom of 
the coil. There is al.so no trouble caused by any dej;osit 
forming in the acid, if there is a sludge-valve provided in the 
bottom of the trough. 

At some works I have seen a good coAlcr which* I.describe 
from notes supplied to me by Dr Stahl. A flat pan, say 30 ft. 
long, 5 ft. wide, and 6 in, deep, made of wood and lined with 
6-lb. lead, is divided lengthways into ten narrow channels by 
leaden strips, 4 in, wido and 6 in. ctpart. Each strip stops 
alternately 6 in. from the ends of the pan, so that a zigzag 
channel is formed, into which a liin. or*iJ-in. lead pi^e is 
laid, forming a coil of 200 ft in length. 'The acid runs through 
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the z‘igzag trough, a^d cold wateij. in the -opposite direction 
througlj the lead pipe. Where the hot acid enters, a double 
loose lining, made of 4 ft. length of heavy 2-in. pipe, cut open 
lengthways, is put into the trough in order to protect it ; this 
piece must be renewed about once every six months, and if this 
be observed the trough will not require any repairs for many 
years. A cooler of the above-stated dimensions suffices for 
cooling 18 tons of hot Glover-tower acid down to about 30° C. 
every twenty-four hours. ^ 

Crowder (/. Soc. Chem. Ind,, 1891, p. 300) describes a 
cooling-arrangement practically identical with that described 
here; and he gives details concerning its function. The acid 
travels altogether about 1000 ft., and its temperature is brought 
down from 139' or 149" C. to 28" or 39" C. b'urther on (p. 304) 
he contends that such cooling is unnecessary (except, perhaps, 
in order to save the lead from quick corrosion), on the strength 
of laboratory experiments in which acid of sp. gr. 175 did not 
absorb the nitrous vapours from chamber-gases much less at 
100 than at the c'rdinary temperature. Ikit as he never went 
beyond 0*47 or at most 0 69 per (font. in the acid, his 

statements are not to the point. We know from experiments 
made on the nitrous-acid tension of sulphuric acid that this 
increases rapidly with the percentage of and in all cases 
with the rise of the temperature. In case of such low percent- 
ages of N^O.j as those employed by Crowder, the tension of 
is not very great even at higher temperatures ; but in 
actual work we must aim at higher percentages of nitre, in 
which case any higher temperature of the acid would act 
injuriously. This has been fully confirmed by observations 
communicated by Hasenclever {Chem, ImL^ 1 ^ 93 ) p> 337 )- A 
high temperature not merely prevents the absorption of N.2O, 
but even expels it from stronger nitrous vitriol. 

At Ijy^e works ttie two systems of cooling just mentioned 
are sometimes combined. I consider as perhaps the best plan 
a perpendicular cooler, similar to that which has been adopted 
at several coal-tar works for cooling benzene vapours (described 
in detail and illustrated h\ Lunge’s Coml-Tar and Ammoniay 4th 
edition, fig. 184, p. 726); that is, two short, cylindrical or 
sc^uarS b©xes, one above tiie other, connected by a very large 
number (50 to 100) of narrow, perpendicular pipes, about 2 ft 
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long and \ in. wide,tlie who]e standing in a wider tank supplied 
with cooling-water. .Hot acid is run into the top bo.\^ slowly 
finds its way downward through the thin pipes, which possess 
a very large cooling-surface, and arrives cool in the bottom box, 
whence it rises up in a special pipe and is run off, a) most od a 
level with the top box. The bottom box must be provided 
with a sludge-valve. Or else the acid is contained in the outer 
tank, and coding-water is run through the system of boxes and 
pipes just described. 

Very eflicient coo*ling inight be j)roduced by the action of a 
current of air, either by forcing this through the hot acid, or 
else by running this down a-tower in which air rises up by the 
action of a fan-blast or b)' chimney draught ; but where very 
large quantities have to be treated, the supply of cooling-air 
might require too much power to be economical. 

In ordinary circumstances the absorption in the Ga) -Lussac 
tower requires one-half of all the acid produced. This 

is obtained from the Glover tower without any other cost but 
that of pumping up ; in the case of other denitrating apparatus 
the cost of concentration Iftis to be added to this. ITcquently 
the necessary quantity of absorbing-acid is stated at a lower 
figure— for instance, as one-third of the whole production ; but 
this in most cases is certainly insufficient, and no doubt a large 
loss of nitre would result from it. On the other hand, manu- 
facturers working with Glover towers, who, apart from ‘the 
trifling expense of purrfping, have no concentrating-expenses at 
all, send all their acid once a day thniugh the Gay-Lussac 
tower. This is quite right. lk)de {Ofi (he Glover I'oiver, p. 49) 
calculates that with a k).ss of four parts of nitre or 175 of N.^0.^ 
to 100 parts of acid of 170'' Tw.,the ab.sorption requires at least 
56 per cent, of all the acid of 144" manufactured, if very strong 
nitrous vitriol (with 1-75 per cent, of N.^ 0 .,) is to be obtained. 
Such strong nitrous vitriol, however, is not obtained m ordinary 
working ; and therefore considerably more than 56 per cent, 
of all the acid manufactured must be run through the Gay- 
Lussac tower in order not to lose any nitre. In fact, some 
manufacturers .send muc’A more than their daily make through 
the Gay-Lussac towers ; but at some of the bcst.-conducted 
works they manage witli about ^ o» o^f {he daily raakd. Of 
course, everything depends upon the .style of working the 
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chami)crs. With the ordinary styje, where there is about 20 
cub. ft. of chamber-space to each poundcof' sulphur burnt in 
twenty ^Ifour hours, the above-quoted figures are quite sufficient ; 
but the forced or high-pressure style of work, where there is 
n(5t much yiorc than half the just-mentioned chamber-space 
(pp. 639 ct scq., and below), cannot be kept up except by a very 
large floating capital of nitre, and in this case twice or more the 
daily production of acid has to pass through the Gay-Lussac 
tower. I am acejuainted with two very large English works 
(belonging to the same firm) in whfch the quantity of acid run 
down the Gay-Lussac towers is from three to four times the 
daily make ; and in this case the ordinary chamber-space of 20 
cub. ft. is allowed. Ihit it seems doubtful whether such an 
enormous feed of the towers is advantageous (apart from the 
cost of pumping), considering the action of the coke on nitrous 
vitriol (pp. 350 and 791). At other works I have found i| or 
1 1 times the daily make of acid run through the Gay-Lussac 
tower, and so fortli. 

At Grei.sheim they emjdoy 65 per cent., at Stolberg (1902) 
about 200 per cent, of the daily ma’Jxe of acid for working the 
Gay-Lussac tower. 

Sorel ( 7 V(////, p. 312) supplied a Gay-Lussac tower at one 
of the St-Gobain works with 39,000 1 . acid of 60" where the 
chambers produced 275 k. II.^S04 per cb.m., with 45,000 1. 
for ‘a production' of 3-0 k., with 52,000 1. for 3 5 k., and with 
62,000 1. for the “ high-pressure ” production of 4 k. per cubic 
metre. In every case the average consumption of nitre was 
O' 8 k. for 100 k. 1I.^S04, or 2-45 k. for lOO k. sulphur burned. 
[This statement differs very much from khe figures by Mr G. E. 
Davis {su/>ni, p. 640), according to which the consumption of 
nitre was much greater in the case of high-pressure work, but 
even as regards the easiest work it was much higher than the 
consum|Ribn attainetl by Sorel at high-pressure work.] 

‘Heinz and Petersen (Ger. P. 217723) assert that sulphuric 
acid of 54° to 56 He. can absorb about four times as much 
nitrogen oxides as acid of 60 Be., and is therefore much 
better adapted for use in the (^y-Lussac. This avoids 
the necessity of further concentrating the acid coming from 
the Glover, which cfnl^’ rc^^uires cooling before being used in 
the Gay-Lussac, where^ it absorbs tbe nitrous gases extremely 
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quickly and without gettipg heated, so^ that there is 'much 
less danger of loss -than in the present way of iisii^g more 
highly concentrated acid. The denitration is also easier, since 
the nitrous vitriol does not require diluting, and this is also 
done more quickly than up to now. ^ 

[These assertions must be reproduced here with all reserve, 
as they are in complete contradiction to all experience made up 
to now.] • 

The spc^cific gravity of the nitrous vitriol, as the acid issuing 
at the foot of the Gay-Lussac tower is called, does not differ 
very much from that of the acid fed in at the top. In the 
usual case, where there is ample chamber-space and the 
sulphuric acid is almost entirely condcn.sed in the last chamber, 
the mixture still necessarily present in the cxit-ga.ses is, of 
course, absorbed by the stronger acid in the Gay-Lussac tower, 
and the nitrous vitriol running out at the foot is then i or even 
2' Tw. weaker than the fee<ling-acid. Hut in the “ forced style ” 
of working (p. 639) there is a considerable quantity of acid 
contained in the exit-ga.se.s in the shape of mist, which is 
retained in the Gay-Luss&c tower, and, added to the nitroso- 
sulphuric acid absorbed, may make the nitrous vitriol even a 
little stronger than the feeding-acid. 

When properly treated, nitrous vitriol ought to be very little 
coloured, and .should have only a slight smelj of nitrous acid ; 
but on being diluted with water, especially hot water, it ought 
to effervesce strongly ^nd give (Tf thick red vapours. At som^ 
works this rough test is considered sufficient for judging of the 
quality of the nitrous vitriol ; but at all the better works it is 
tested in the laboratory, which can be accomplished in a very 
short time by the permanganate method (r/ p. 387). Now and 
then this test should be supplemented by testing in the nitro- 
meter, in order to make sure whether any nitric acid is present 
or not. By these testings it can be .seeti from day tf) day 
whether the percentage of nitre increases or decreases. In 
the former case, if the other tests of the chambcr-proce.ss agree 
with it, this is an indication that .some of the nitre must be 
taken off; in the latter 'case this teSt will, better than any 
other, show, before any damage has been done, that anore nitre 
is required. In any case nitrous vitiiol ^hould not cciitaih less 
than I per cent, of N/);, ; above 2 i per cent, it is too strong, 
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and there is danger^ of nitrous g^s escaping without being 
absorbcfl, which can be controlled by the colour of the exit- 
“ sight.” In this case more strong acid must be charged at 
the top ; and if there is an excess of nitre-gas in the chambers, 
a httle less pitre must be used. 

The Gay-Lussac acid, or nitrous vitriol, is essentially a 
solution of nitrososulphuric acid (“chamber'Crystals ”) in 
sulphuric acid. Formerly it was believed that it regularly 
contained some nitrogen peroxide or nitric acid (Wipkler, Kolb, 
Hiirter, Davis, etc.); but this assertion was only caused by the 
imperfection of the then employed analytical methods, as shown 
for Winkler’s and Kolb’s results by my. self {Chcui. Xews^ vol. 
xxxvi. p. 147), the nitric acid being produced during the 
anal)'ses themselves. The contrary fact, viz., that ordinary 
nitrous vitriol contains no appreciable quantity of nitric acid, 
was first proved by me; and it has been confirmed by several 
subsequent investigators. This is even the case when so much 
nitre has been introduced intentionally, as in lainge and NaePs 
experiments, or by inadvertence, that the la.st chamber contains 
some nitrogen peroxide {Chcni. /;/^/.,' 1 8<S4, p. 10). It has been 
shown before (pp. 350 and 791) that this is no doubt due to a 
reduction of the nitric acid, originally formed from the nitrogen 
peroxide, by the coke packing of the Gay-Lussac towers. In 
the case of columns filled with a non-reducing packing probably 
nitrous vitriol containing nitric acid would be much more 
frequently met with ; but with coke-towers, and with the 
ordinary style of working formerly employed in all works, it is 
one of the signs of the regularity of the process if no nitric acid 
occurs in the nitrous vitriol. Probably it fs different when work- 
ing with the "high-pressure” style (p. 639), where the chambers 
are made to turn out nearly twdcc as much as before, by supply- 
ing them w'ith a comparatively enormous quantity of nitre 
(without, ^however, losing more of it in the long run, owing to 
correspondingly large Gay-Lu.ssac towers). In this case it 
follows most distinctly, from Lunge and NaePs observations 
(next Chapter), that there must be a /ary^e quantity of nitrogen 
peroxide in the last chamber, too large^o be completely reduced 
by the cok« to N.^0.^, so that the nitrous vitriol will be found to 
contain scyme nitric aci^l. f 

A very strange error existed for many years, both in all 
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publications on thg ‘subject^ and in the ideas of nearly al> those 
practically concerned in the manufacture *of sulphuric acid who 
gave any attention to the chemistry of the subject, jf is error 
is ; that nitrogen peroxide, forms only a“ loose ’’combina- 
tion with sulphuric acid of such concentration asjs employed 
for working the Gay-I.ussac tower, and that, therefore, very 
little N2O4 is absorbed in that tqwer, unless it can be there 
reduced by SOo to N^O.^. This erroneous assumption, coupled 
with another error, viz , that the “nitre” in the chamber exit- 
gases consists essenflally of N.,()„ and the true observation that 
the “nitrous vitriol” generated in the Gay-Lussac tower does 
not contain anything but N., 0 .j, has led to the invention of 
Brivet, Lasne, and Benker (Ger. P. 17154), who introduce into 
the exit-gases, on their way between the la.^t chamber and the 
Gay-Lussac tower, a certain quantity of burner-gas, by means 
of a steam-jet. The excess of moisture thus imparted to the 
burner-gas is removed by means of a small coke-tower fed with 
Glover-tower acid, and the gas is now mixed with the chamber- 
gases before entering the Gay-Lussac tower. It was supposed 
that the nitrogen (leroxida would thus be reduced : 

N,04 + SCI, -t- 1 L,S04 2 SG,,(C;ii)(ON()). 

No doubt this would be really the case if an appreciable 
quantity of “free” N.X)^ did exist in proj)erly composed exit- 
gases ; but this is not so, at least with the ordiiVary, not “ foited ” 
(high-pressure) work.* I have, moreover, conclusively proved 
{Berl. Ber., 1882, p. 488) that there is no foundation for the 
assumptions underlying the above-mentioned patent, more 
especially the idea that NoO, did not easily and completely 
dissolve in sulphuric acid of 142 Tw. In fact the first favour- 
able reports upon the practical success of that patent process 
have not been confirmed by subsequent observations, and it 
must be held that for properly-managed ohambers ^he process 
offers no advantage. 

Benker has several times reverted to proposals, founded 
upon the alleged difficulty of absorbing N.p^ in the Gay-Lussac 
tower, by introducing SQ.^ at some place where it is to reduce 
N2O4 to No^s i however, found that this cannot be done 

in the Gay-Lussac tow^r itself, anj^ he therefore injects SO^ 
into the last chamber or a Especial chamt)er placed between this 

3 H 
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and the Gay-Lussac tower (Ger. P. 8836^), ^ The mixture of 
gases in this case siiould be very thorough, "and he therefore 
prefers to employ the SO., not as burner-gas, but in the shape 
of a large quantity of gas from the first chamber, where much 
SO., is still present (Ger. P. 91260). This last idea is evidently 
much the same as the various proposals formerly made for 
mixing the chamber-gases /rom various parts of the system 
pp. 648 ct scq.). 

The success of the working of the Gay-Lussac towers 
depends also upon the proper regulh/ion 0) the draught. If the 
draught is insufficient, the chamber-process will from the out- 
set be injured by the continual leakage of gas and by all the 
other drawbacks already enumerated, and specially by the 
behaviour of the pyrites in burning. In that case the Gay- 
Lussac tower itself will not work properly ; for unless a 
sufficient excess of oxygen be present in the last chamber 
before the gas leaves it, unoxidised nitric oxide will remain 
behind, which pas.ses through the tower unabsorbed and only 
forms red vapours when issuing into the outer air. At the same 
time there will be sulphur dioxide present in this case ; and this 
acts still worse, since it decomposes the nitrososulphuric acid 
still present in the vitriol with which the coke in the tower is 
soaked, and carries away its nitre as nitric oxide. If the waste 
gas, as previousl)' insisted upon, contains 5 or 6 per cent, of 
frec’oxygen, the above cannot happen to an appreciable extent. 

If, on the other hand, the draught is too strong, and there- 
fore the kiln-gas is too poor, the sulphur dioxide will not have 
time to condense within the chambers as sulphuric acid ; it 
will partly get into the tower, and there- cause the decomposi- 
tion just mentioned and a loss of nitrous compounds. 

In both cases, therefore, the same result will happen as if 
the last chamber did not contain an excess of nitre-gas ; and 
if nitre is'LOo much; economised, it will indeed be wasted all 
the more in the way just described, the sulphurous acid driving 
off the nitrogen of the tower-acid into the air in the shape of 
nitric oxide. 

Such a faulty working of the tower will reveal itself by the 
escape of 4 large quantity of red vapours out of the chimney, 
by the te^Jts of the tower-acid, and even by its appearance, since 
the acid, which otherwise is nearly or quite colourless, turns a dark 
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purple colour, and js“ filled with countless small bubbles of nitric 
oxide, at the saAie.time getting heated* by the formation of 
sulphuric acid (Bode, in a note to the translation ^f H. A. 
Smith’s pamphlet, p. 122). It is therefore the worst case of all, 
if alternately sulphur dioxide gets into the to^ver and the 
reverse. In that case nitrous vitriol is alternately produced 
and again decomposed. When, however, sulphur dioxida con- 
stantly passo6 into the tower, there is no absori)tion of nitre-gas 
at all, and the tower in this case does not act as an absorbing- 
apparatus, f)ut simpfy as a' continuation of the chamber-space 
(Bode, p. 124). This proves, as Bode justly remarks, that 
one improvement, viz., the recovery of the nitrous acid, 
necessarily led to another, viz., to a better condensation of the 
sulphur dioxide, or a better yield on the sulphur burnt. 

The loss of nitre caused by this imperfect action has been 
often underestimated, especially formerly when the methods 
for testing the exits were defective ; indeed the very reasons 
which impede the full action of the Gay-Lussac tower will 
cause similar losses during the bubbling of the exit-gases for 
the purpose of testing through the ab.sorbing liquids on the 
small .scale. It is quite certain that the loss of nitre in the 
exit-ga.ses indicated by Jurisch and others is far below the 
truth, and that this vitiates by itself most of the reasoning 
concerning the “chemical loss” in the Glover tower. Benker 
(quoted by Sorel in his Truiti, p. 313) has fouiifl thaf the 
Gay-Lussac sometimes allows two-thirds of the nitrous gases to 
escape, and Sorel pp. 313 and 393) agrees with him, on 

the strength of calculations founded upon the va})our-tension 
of NgO.^ in nitrous vitriol. He found this u 7 iavoidable loss to 
cover very nearly the whole loss of nitre in his chamber system, 
viz. 2-66 per cent, out of 2 8 per cent. NaNO.j for 100 S, leaving 
practically no “chemical loss,” since that a little nitre escapes 
with the sulphuric acid withdrawn for use ®r sale. ' 

Petersen (Amer. P. 904147 ; Ger. P. 208828) claims to ^void 
disturbances in the “intense working” of the chambers {cf. 
pp. 639 et seq,) by placing a column, fed with cold nitrous vitriol 
of 55® Be., as “regulator” between the last chamber and the 
Gay-Lussac tower. Any SO2 escaping from the last chamber 
is oxidised here, and tile nitrous vapours* formed tljercby are 
retained in the Gay-Luss&c. If, on t?ie contrary, the gages 
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leaving the last chamber contain an excessV nitrous acid, this 
is retained in the regulator, thus lessening the* work of the Gay- 
Lussac lower. He replies to an attack made upon his system 
by Neincs (Z. angeiv. Chew., 1911, p. 387) in the same Journal 
(1911, p. 18 1 1). According to the British Alkali Inspectors' 
Report for 1909 several factories had obtained satisfactory 
results by the introduction 0/ Petersen’s “regulator” in respect 
of cooling the gases and completely utilising the SO.,. Petersen 
later on (Ger. P, 225197), in order to economise Glover tower 
space, recommends denitrating thd nitrotis vitriol, formed in 
the regulator and in the principal Gay-Lussac tower, in one 
and the same Glover tower. In this case the regulator is fed 
with chamber-acid. His Ger. P. 226793 states that the 
sulphuric acid in the Gay-Lussac towers is most fully utilised 
by converting the ferrous sulphate contained in the acid into 
ferric sulphate, before employing it for retaining the last 
portions of the nitrogen oxides. 

The exit-gases issuing from the Gay-Lussac tower s,ei\Q,x\ when 
these are of very large dimensions, are never free from either 
sulphur or nitrogen acids, and must be regularly tested to 
comply with the demands made by law, as will be described 
later on. 

We cannot indeed expect the Gay-Lussac tower to absolutely 
retain the last traces of acids, especially the nitrous fumes, for 
the following reasons : that a solution of N., 0 ., or of HSO^N in 
sulphuric acid of 140'' Tw. possesses already a certain vapour- 
tension, causing some N.O3 to be volatilised in a current of air 
{cf, p. 346); that the contact of the gases with the acid can 
never be made absolutely perfect ; and .that the time during 
which this contact takes place is very short. Sorel {loc, cit.^ 
p. 313) calculates it for the best and largest apparatus at two 
minutes as a maximum. 

It is a \Vell-known fact that at the very best-managed acid- 
works the gas issuing from the Gay-Lussac tower has a slight 
ruddy or orange colour, most of which is probably caused by 
NO, which finds too little oxygen within the tower, but turns 
into NO., in contact wkh air. Moftt acid-makers regard it, 
from expedience, as a bad sign for the working of the chambers, 
if the or;inge vapours eu^tirely ceas^ The Benker process 
(pt 839), which has a tendency to increase the quantity of NO, 
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must also increasp’this ora»ge vapour in ^he exit-gases, which, 
of course, is best noticed where the gases issue from tjic Ga\'- 
Lussac straight into the air, not into a chimney. 

Crowder (/. Soc. Chem. huL, 1H91, p. 303) gives a table^of 
averages of the amount of acids contained in th(f gases both 
on entering and on leaving the Gay-Lussac tower. The 
gases on entering contain from 3 to 4 gr. of acid per cubic 
foot, reckoneci as SO.j (but in reality consisting of sulphur 
dioxide, sulphuric a/;id, in the shape of mist and nitrogen 
acids), on leaving only about i or 2 gr. He believes that, 
if the gases contain more than this quantit\-, it indicates 
that sulphur dioxide has penetrated into the absorbing-tower, 
the result being a reduction of nitrous acid and loss of 
nitre. On principle this is, of course, correct, but it is 
not certain whether the above amount is the real limit in all 
ordinary cases. Crowder also noticed that the proportion of 
oxygen in the gases issuing from the tower is always slightly 
larger (o-o8 to 0-54 per cent.) than that passing in. The 
explanation of this phenomenon propo.sed by him, viz., the 
diminution of volume consequent upon the removal of SO.^ or 
some decomposition of the oxides of nitrogen, is altogether 
inadmissible; any chemical action of the SO,^ and the nitrogen 
oxides within the Gay-Lussac tower could only tend to diminish, 
not to increase, the amount of oxygen, aud the shrinkage 
caused by the removal of those gases is far too slight to be 
observed in gas-analysis (it is, of course, useless to expect such 
gas-tests to give accurate results, even in the first decimal per 
cent.). 1 have little doubt that ('rowder’s observation was due 
to some air being drawn into the exit-tube by a slight leak or 
by the feeding-holes sucking in a little air; this is extremely 
probable, as the Gay-Lus.sac tower offers a very great resistance 
to the draught, and the inward suction at the exit-tube, as 
shown by an air-gauge, is consequently many timejf grevater 
than that at the inlet-tube. 

Attempts have been made, but hitherto entirely in vain, to 
absorb or utilise the last traces of^acids in the exit-gase.s. 
Sometimes they are wasfled with water in a small coke-tower 
or plate-column, but this^does not do much^good. * ^ 

Mitarnow.ski and Benkcy' (Fr. P* 211989) propost^ passigg 
these gases through a solution of ferric .sulphate, or through a 
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column charged withe granulated capper and, fed with water, in 
order to, produce sulphate of copper; but 'this will hardly pay, 
for the same reason as that which is at the bottom of the 
nccessaril)' incomplete action of the Gay-Lussac tower. 

A proposal made by Fremy to absorb the SOg in the exit- 
gases from the Gay-Lussac tower by a coke tower fed with 
nitric acid is characterised* by Sorel himself, who reports it 
{Traite,\). 314), as an absurdity, and an idea never likely to 
be carried out in practice, since there is trouble eno#jgh to keep 
back the nitrous vapours without creating them anew at the 
last. Fremy’s designation “ tour aeronitrique ” is the only fine 
thing about this proposal. 

Taraud and Truchot (Fr. P. 425913) wash the chamber exit- 
gases in one or two towers by water (introducing air or oxygen 
if necessary), and return the weak sulphuric acid formed to the 
chambers as a spray. Then follows an alkaline washing ; the 
liquids formed here are also returned to the chambers (B. P. 
9461, of 1910). 

The same inventors (Fr. P. 431427) wash the gases leaving 
the Gay-Lussac tower by an acid solution of a ferrous salt, 
decompose the compounds of NO with ferrous sulphate formed 
thereby by heating the solution, and reintroduce the NO into 
the chambers. 

]^(irious Plans firv Recovering the Xitre in Other Jtiij's. 

r Merely for the sake of completeness it may be mentioned 
that several other plans have been proposed for utilising the 
nitre-gas escaping from the chambers. Not one of these has 
ever possessed any practical value ; and they can hardly be 
said to have even an historical interest, since they have never 
been employed except in a few isolated cases. 

Kuhlmann, for in.stance, employed thirty Woulfes bottles, 
the, first' ten of which were filled with water, the second ten 
with a solution of barium nitrate, and the third ten with barium 
carbonate suspended in water; the mixture resulting in the 
last ten bottles was used in the second ten bottles, where 
barium sulphate (‘'permanent whites” or “blanc fixe”) was 
precipitated. Others have used mjlk of lime, ammoniacal 
liquor, of even pure< wafer for the absorption of the acid 
vapours. All these plans are so very much less advantageous 
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or complete than Gay-Lusf^c’s process ti^at they cannot at all 
compete with it. • 

G. Wachtel(/;/>/^V./^-!^V./., ccxlv. p. 51;) proposed forcing 
the exit-gases by means of a Kurting’s injector through a red- 
hot iron or fireclay retort filled with iron-turnin^s. Here the 
nitre-gas is to be reduced to ammonia, which is to be absorbed 
by hydrochloric or sulphuric acid. Nobody seems to have been 
rash enough*to make a practical trial of this plan, 

Guye (fr. P. 40^630) recovers the oxides of nitrogen, pure or 
mixed with other gases, by causing them to react with other 
liquids in such manner that they dissolve therein, converting 
these oxides into nitrogen peroxide by treating them with 
oxygen, or into nitrous acid by treating them with NO. 

Denitration oe the Nitrous Vitriol, 

The operation going on in the Gay-Lussac towers whose 
final result is the production of an acid more or less charged 
with nitrous compounds, viz. the “nitrous vitriol,” requires as 
its necessary complement another operation, by wln’ch the 
nitrous vitriol, which by itself has no practical use, can be 
reintroduced into the chamber-process, both in order that the 
absorbed nitrous compounds may be restored, and that the 
sulphuric acid originally employed may be recovered in a pure 
state. It cannot be denied that Gay-Lussac was not sufficiently 
successful in completing his invention (which has proved so 
important and useful in the manufacture of sulphuric acid) in 
this particular; and it is more than probable that the slow 
extension of his process, nay, even the far from exceptional 
abandonment of it where it had been introduced in the first 
instance, must be attributed to the fact that the denitration of 
the nitrous vitriol was attended with too many difficulties, 
expenses, and breakdowns of apparatus. The invention of the 
Glover tower, which does away with all this, must therefore be 
regarded as almost equally important as that of the Gay-Lussac 
tower itself; and in fact the general introduction of the latter 
only dates from the time when manufacturers were able to 
combine it with the Glover tower. , 

The various contrivances for deiitratiftg nitrous«vitrit)l were 
described and criticised tlioroughly and in detail by Fr. Bbde, 



846 RECOVERY OF THE NITROGEN COMPOUNDS 

« 

t 

in 187S, in a paper Q?!. the Glover ^ower, whjch obtained the 
great prj^e of the Jk^rlin Society for the Prdmotion of Industry ; 
and this essay has been used to a great extent in the following 
description. Bode’s paper has also been published by instal- 
ments in Dijtgl. polyt. J,, vols. ccxxiii. to ccxxv. 

The methods for denitrating nitrous vitriol are founded, on 
the one hand, on diluting it cither with hot water or steam, or 
with a combination of both ; and, op the other hand, on the 
action of sulphur dioxide, mostly combined witl\ a certain 
amount of dilution. That in these cases the nitrososulphuric 
acid is completely decomposed, either by the dilution or the 
action of the sulphuric acid, has been proved in detail by 
theoretical investigations. We shall now treat of the apparatus 
and modes of procedure employed in practice for that purpose. 

Denitration by Steam or Hot Water, 

One of the oldest apparatus for denitration by steam was 
described in Payen’s Chimie Industrielle^d^w^S has been copied from 
this into most text-books ; it may be called the “ shelf-apparatus.” 

It is shown in Fig. 302 and is casity understood : F tank for 
nitrous vitriol, e outlet-tap, d inlet-pipe, a a shelves with 
overflow-edge, /, which retains a 4-in. layer of acid on each 
shelf, C inlet for burner-gas,/^ steam-pipe, r outlet for denitrated 
acid into the lead chamber D, E outlet for nitrous fumes into 
the shine. 

Another apparatus, constructed on the same principle as 
that just described, is the “ Denitrificateur ” proposed by Gay- 
Lussac himself. It is a lead column of square or circular 
section, provided with a grating a little above the bottom, and 
packed with coke on the top of this. The nitrous acid runs in 
at the top, and is scattered by means of a rose. Below the 
grating the gas of the sulphur- or pyrites-burners enters and 
meets thepifcrous vitriol descending ; at the same time either a 
jet of’ steam is introduced separately, or the gas is previously 
conducted through tanks filled with water, in order to be 
saturated with moisture. 

In these apparatus the'denitration r:vidently takes place by 
the joint action of the steam and the sulphur dioxide. The 
acid oijght^o arrive at ^he bottom entirely free from nitrogen 
compounds ; but it is then so dilute that it must be run back 
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into the chambers.* Such apparatus are not to be found *in use 
in any place at tfie ^ircscnt clay, for good reasons. Since the 
acid is in them diluted to the same extent as in the process of 
denitrating by hot water or steam alone, they present no 
advantage over the latter ; indeed they were »in the first 
instance replaced by the latter processes. But the apparatus 
just described have this drawback^ that they last a very short 
time, on aedbunt of the /apid destruction of the lead. The 
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destructive action is always very strong in the first chambers, 
which, even under the best conditions, ancj»in the prTisynce of a 
Glover tower, suffer more than the remaining chambers, and 
have to be made of thicker lead if they arc to last as long. 
This is due partly to the heat of the gas, partly to the nitrous 
compounds themselves. 4t is evident 'that much more of this 
action must take place in a very small chamber, such as the 
“shelf-apparatus" or t^ay-Lussac^ '‘^LTenitrificatoijr." * The 
worst, however, of these apparatus is that the steam introduced 
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into them necessarily leads to the condensation of very dilute 
sulphuric acid and nitric acid on the sid^s of the apparatus, 
which nVist rapidly corrode the lead. Moreover, considering 
the small size of the chambers serving as shelf-apparatus or 
dehitrificateyrs, any changes in the chamber-process, in the 
composition of the kiln-gas, of the supply of steam, of the outer 
temperature, etc., must be fejt in them very much more than in 
a large lead chamber. Therefore, from time to time, stronger 

nitrous vitriol will condense on the walls, and be diluted 

• . • * 

directly after by an increased condensation of water, and thus 
become charged with nitric acid. The inside of the walls of a 
working lead chamber is always covered with a white slimy 
lining of lead sulphate, which retains acid like a sponge, but at 
the same time protects the lead from further action, until such 
time as the acid is diluted by condensed steam, gas is given off 
from it, and the slimy ma.ss of lead sulphate is loosened and 
washed off, whereupon the lead is again exposed to fresh 
attacks. The older denitrating-apparatus, therefore, were 
ex[)osed to very rapid destruction, because they employed the 
simultatuous action of sulphur dioxKle and of steam, and were 
therefore soon al)andoned. 

In Kngland, most manufacturers pa.ssed over to diluting the 
nitrous vitriol in se()arate small boxes with water and steam ^ 

whilst on the (Continent usually 
“ steam-columns ” or “ cascades 
were preferred, d'he English 
arrangement, such as was almost 
general in former years, but has 
been plaoed in the background 
by the Glover tower, is shown 
in Fig. 303. a is a lead vessel, 
about I ft. high and 18 in. wdde, 
which stands within the lead 
chamber, very near the inlet for 
the kiln-gases. Three pipes, b, c, and d, lead into passing 
through the side of the chamber and burnt into it. Of these b 
conveys steam, c water, a’^id d nitrous vitriol ; c and d end in 
funnels, thsough which the liquids run. The steam comes from 
a ste 3 m-bi<iler. The \^esstfl a is first filled with water ; this is 
then heated to the boiling-point by steam ; and now steam, 
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water, and nitrous. vitriol aje admitted in such proportions that 
the latter is cordplately dcnitrated before it can run over out 
of the box (1. The proximity of the gas coining ^rom the 
pyrites-burners acts in this way : the escaping oxides of nitrogen 
are at once spread through the chamber and an; mixed \t ith 
the other gases ; and at the same time the gas protects the lead 
against corrosion. 

More pcTfect is the arrangement formerly usual on the 
Continent, where the denitration takes place on ntsnri/rs 

9 f ‘ 

exactly similar to those dekribed [>reviously (p. /I 2), oiil)' with 
the addition of a contrivance for introducing hot water. 

The denitratiou by sti'aui alo)u\ or bv steam with verv little 
water, takes place in the so-called stiuvu-columu, which is shown 
in Fig. 304 on a scale of 1:25, as it was worked at In-eiberg 
some time ago. It consists of a c\ linder of strong sheet-lead 
II ft, 6 in. high, 3 ft. wide, composed of three drums, joined at n 
and />, and strengthened by hoops. It is lined with acid-proof 
bricks, 11, joined by a mortar made of fireclay and boiled tar 
[or of asbestos and silicate of soda, cf. p. 831]. d’lu' bottom 
is formed by a lead plate A (or better a loose saucer), the 
top by a stoneware slab C. 1 ) is the feed-pipe for acid, V. 
outlet for nitrous vapours, P" steam-pipe, whose mouth is 
covered up and built round with bricks in such a wa\' that 
proper channels remain for the steam and the acid. On the 
top of this the column is filled with bits of lltnt nearly up to its 
cover; they are about the size of a fist near the bottom, and 
decrease towards the top to the size of a walnut. In plact' of 
these some w'orks u.se bits of broken .stoneware. I'hv. nitrous 
vitriol running in at«the top trickles down through the bits of 
flint, and is decomposed in this way by the rising steam. 
Whilst the nitrous acid given off frtan it goes away into the 
chamber through the pipe Iv in the state of vapour, the 
sulphuric acid, diluted by the conden.sctV water, afrives at the 
bottom of the steam-column, and runs through the pipe (; into 
the tank II. The pipe G is .so bent as to remain always luted 
by the acid. 

According to Bode, iuch a column, at Freiberg, .sufficed for 
a system producing 126 cwt. of sulphuric acid of, 170 lw\ in 
twenty-four hours. 

In a large factory neaV Newca.stle there existed, till 1873, 
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steam-columns consisting a cast-mctal pipe 3 ft. wide and 9 
ft. high, with a lining of lead and another lining, inside the lirst, 
of thin bricks (2 in.), and a packing of flints. Since (fien they 
have been replaced by a Glover tower. 

There are also steam-columns made without ajead jack*et ; 
but they cannot in this 
case be built up of bricks, 
but must be* made in one 
or two pieegs. Bode^shows 
such a column, erected by* 

Dr Gilbert at Hamburg 
(Fig. 305). Its inner dia- 
meter is I ft. 35 in., its 
height 13 ft. I in. It con- 
sists of two gas-retorts, a a, 
made tight at the joint, 
after heating the same, by 
asphalt. The bottom, l\ 
and the cover, c, are formed 
of round fireclay-slabs ; th(? 
latter contains an opening 
for the stoneware pipe d 
for carrying off the nitre- 
gas and the excess of steam 
into the chamber. The 
nitrous vitriol enters *at c, 
the steam at /, and the 
denitrated sulphuric acid 
runs off at g. The reports 
are surrounded by the 
cylinders h //, of |-in. cast 
iron, which are bolted to- 
gether and to the cast-iron 
top and bottom plates. A space of i.\ in. remains bc-tween the 
cast iron and fireclay, and is filled with melted asphalt having a 
very high fusing-point. The column is filled with bits of flint ; 
the mouth of the steam-j^pe is protected by loose bricks. This 
apparatus in Bode’s time had been in operation fc^r five years 
without giving any trouble, and ^pp|ietl a set ol» chatnbers 
making 6 tons of acid of 170' Tw. in twenty-four hours. 
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In other works the steam -coin nyis are made much smaller, 
which is evidently quite suftkient. In Wiirlz’s Dictionary of 
Chonist^y, iii. p. 157, Scheurer-Kestner figures a column made 
of a piece of Volvic lava 6 ft. 6 in. high, and only 8 in. wide 
insklc, 3 ft.o outside, filled with broken glass. The whole is 
surrounded b)' a lead casing. Such a column suffices for a 
chamber of 4000 cb.m., turning out 8 tons O.V. per day. These 
Volvic columns seem to stand better than any other kind of 
steam-column, but they al.so crack sometimc.s. 

As late as 1890 I found in Hamburg a steam -column of the 
following construction. It consisted of a cast-iron cylinder, 
lined with bricks inside; the bottom part, about 8 in., was made 
of lead and dipped into a very thick cast-lead dish, forming a 
hydraulic lute, just at the point where the steam entered. The 
outflowing acid was kept at i \ 2 ' Tw. ; it tested on an average 
0-05 per cent. and 0 01 per cent. NO.5H, which seems very 
good work for that strength. 

bode asserts that the simplest and cheapest apparatus of 
this kind consists of ordinary stoneware receivers, as shown and 
described, jqj. 567 to 569 of our .second edition. This kind of 
denitrating-apparatus docs not appear to be in existence any- 
where now ; probably it would stand but a very short time. 
We also refer to the same place for Bode’s compari.son of the 
efficiency of steam-columns, of cascades and stoneware receivers, 
as being devoid of actual interest at the present time. 

In 1902, steam-columns were still used at Freiberg for 
denitrating nitrous vitriol. The reason for retaining these 
apparatus was that the gases at tho.se works enter the chambers 
at the temperature of the surrounding air, and it was assumed 
that this is too low for working a Glover tower ; but it is doubt- 
ful whether this assumption is correct (see later on). 

Evers (Gcr. B. 182216) employs denitrating towers especially 
ada^)ted ^o'^spent nitfating mixtures of explosives factories, not 
packed completely from bottom to top, but separated by 
perforated partitions into chambers, which increase in size from 
the bottom to the top, and are in turn filled with packing or 
left empty, the latter bbing fitted with a mixing-apparatus. 
The denitrating mixture of air and steam is previously heated to 
at legist 400 '. The ^ci^ to<be denitrateS passes downwards from 
one chamber to another. This plan is highly recommended by 
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Rudeloff(Z. Schiesi-^nd Spi^efjg'ivescii, 190;, p. 1^4) from his own 
experience, but is*sh&rply criticised by Gu^tmann {ibid., \k 217). 
Rudeloff {tdtd., p. 257) replies to this, upholding hi^ funner 
statements, and adding that Evers’ dcnitraling-apparatus is 
employed in a dozen German explosives factories. ^The InghVst 
loss of nitric acid is 0-24 per cent., of sulphuric acid 0 03 per 
cent. Four-fifths of the nitric acid comes out as 40' IE'., one-^ 
fifth 36'' Be.,% with at most 0 3 per cent. \.,( ), and traces of 
HgSO^. The sulphuric acid is 60" Be., clear like water and 
free of Ill^Og. Coals for* denitrating i ton of mixed acid, 
30 kg., and 18 kg. coke for heating the air. One a|)[)aratus 
denitrates 10 tons acid in twelve hours, and is attended to by 
one workman. 

Glover Toivers. 

The apparatus which is now u.scd for denitration in nearly 
all vitriol works is the Glover toiver, which is protoerly treated 
in this chapter, since its inventor had in the first instance con- 
structed it for denitration, although it might just as well be 
described as a cooling ami a concentrating apparatus. The 
Glover tower was invented by the late Mr John Glover, of 
VVallsend, near Newcastle-on-Tyne. According to personal 
information received by myself from Mr Glover, he had already 
built his first tower in 1859, at the Washington Chemical Works, 
near Durham. This tower was made of firc-Cricks and packed 
with a network of thin fire-tiles. It lasted a year and a half, 
and proved the correctne.ss of the principle. In icSCi (jlover, 
at the same place, built a lead tower; and when erecting 
another works at Wajlsend in the same year, he, of course, 
built a similar tower there as well, which worked until 1.863 or 
1864, From the experience gained in this way, Glover con- 
structed in 1864 a third tower, which in all essential rcs])cct.s 
was the same as is used to this day. Up 4 o that tirtic^only his 
nearest neighbours had introduced the tower. It must her6 be 
observed that its inventor had not only taken out no patent for 
it, but, with great liberality, had shown it to every one interested 
in the matter. In spite this, some of the manufacturers on 
the Tyne, intending to '‘improve" the tower, , committed 
mistakes in its construction ; and, a 4 lcast*in one ca.‘ii.‘, thj^ led 
to its being given up again, *although it has since been reintrt)- 
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duced. Between 1868 and 1870 ^all the Jarger and better- 
managed works on tne Tyne introduced ^he Glover tower ; it 
was adcS^ited in Lancashire about 1868, in London in 1870. 
Until 1871 nothing had been published about the Glover tower; 
and it was^ entirely unknown outside a limited number of 
English alkali-works till I published a paper on it in Dingl, 
polyt, /., vol. cci. p. 341, whjch made it generally known, and 
led to its adoption, first in Germany, then elsewhere. Soon 
after my publication objections were raised against the tower 
as a denitrating apparatus (nobody has ever doubted its 
excellence as a concentrating and cooling apparatus). The first 
objections raised by Bode {Ditigl. polyt. /., ccii. p. 448) were 
immediately refuted by me {ibid., p. 532), and have since been 
withdrawn by Bode himself. Bode has become one of the most 
zealous constructors and advocates of the Glover tower. Also 
the objections raised by M‘Culloch {them. Ncivs, xxvii. p. 135) 
have been answered by Glover {ibid., p. I 5 “)> by me {ibid., 
p. 162), and Bode (Prize Essay, p. 5). M‘Culloch himself after- 
wards changed his opinion. Much more serious objections were 
made by Kuhlinann {Hoffmanti s Official Report on the London 
Exhibition of 1862, p. 174) and by Vorster {Dingl. polyt. /., ccxiii. 
p. 506), on the assumption that the contact of hot sulphur dioxide 
and nitrous vitriol in the tower must cause a considerable 
loss of nitre compounds in the shape of nitrous oxide or of free 
nitrbgen. It is certainly a fact that, under certain conditions, 
hot sulphur dioxide reduces the nitrogen oxides down to nitrogen 
protoxide or even to nitrogen. But that such conditions exist 
in the Glover tower Kuhlmann could not prove, because he 
had no such tower at his disposal ; nor ([id Vorster experiment 
with the tower itself in this direction, although he made other 
interesting observations respecting it ; but, entirely on the 
strength of laboratory experiments, he asserted that 40 to 70 
per cent, of the mtrous compounds were lost in the Glover 
tower. His experiments, however, were made under totally 
different conditions from those existing in the Glover tower; 
and I succeeded in refuting Vorster’s inferences on the loss of 
nitre from his own figures {Dingl. polyt. /, eexv. p. 56, eexvi. 
p. 79), lx\ the experiment considered by Vorster as the most 
conclusive, he passed hot* sulphur dioxide mixed with air for 
t\Venty-seven minutes through nitrous vitriol heated to 180° C. ; 



GLOVER TOWER 


856 


and it is inconcei\4a!)le hov^ he could assert that this condition 
answers to that* ii» the Glover tower. *Into this the nitrous 
vitriol enters quite cold, mixed with chamber-acid ;^nd only 
on leaving, when its heat is greatest, does it attain 130'" C. It 
is out of the question that it should have that te4n{)erature in 
any considerable part of the tower, much less i8o\ as in 
Vorster’s experiment. On the contrary, that acid which show^ 
a rather elevated temperature (but never anything like so high 
as in Vor.^ter’s experiments) contains next to no nitrous acid, 
but is only further concentrated by hot kiln-gas ; and, at all 
events, the denitration takes place to the greatest extent in the 
upper part of the tower, where the acid is still pretty cold. 
This follows with certainty from the well-known fact that the 
denitration of dilute acid takes place readily, that of concen- 
trated acid with great dilhculty. Apart from this, the acid is 
never exposed to the current of hot sulphur dioxide such a 
long time as in Vorster’s experiments. If once the packing 
has been quite impregnatctl, the acid gets from the top to 
the bottom in a few minutes ; but owing to its fine division, 
it is almost entirely denitrated near the top. In short, Vorster’s 
experiments are useless for deciding the matter in question, 
even if they were not refuted by the plain fact, that with the 
Glover tower the waste of nitre is at least no greater than with 
any other proces.s. This subject is noticed more fully below. 

Subsequently (AV;*., x. p. 1432 — more explicitly in DingL 
polyt. J., 1877, ccxxv.'p. 474) I criticised in detail the experi- 
ments and statements of Kuhlmann and Vorster, and proved 
their irrelevancy, I further proved by ex[)erimcnts that if the 
sulphur dioxide is mif<ed with a similar excess of oxygen as in 
the kiln-gas, this mixture decomposes nitrous vitriol, even at a 
temperature of 200’ (in the Glover tower it never gets beyond 
130'), in such a way that the xvholc of the nitrogen oxides can 
be recovered by absorption in concentrated suljjl^ric acid. 
Pure sulphur dioxide, free from oxygen, does not act on 
nitrous vitriol at i lo'’ to 130", but only at 200' C., in such a way 
as to cause the formation of some nitrous oxide. This, however, • 
is not a practical case at # 11 ; and it is*certain that in the Glover 
tower neither nitrogen protoxide nor nitrogen formed in 
appreciable quantitie.s. My exj^rin^eilts and valcuftitions 
were attacked as inaccurate by Hurter (DhigL polyt, ]., ccxx*vii. 

. X I 
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pp. 465 and 563), but were completely vindicated by me (ihid^y 
ccxxviii. pp. 70 and 152). 

If there were any truth whatever in Kuhlmann s and 
Vorstcr’s assertions, it would certainly be a cause of still greater 
loss when the fresh supply of nitre-gas is carried through the 
tower, as is done in the great majority of English factories, or 
when even the liquid nitric acid is run through it, as in most 
continental works. Then not merely 70 per cent, of the nitrous 
vitriol, but also 70 per cent, of the fresh supply pf nitre, or 
nitric acid, would be wasted by the tower. Ihis certainly 
would be felt very badly indeed. But already'in 1871, of the 
ten works on the river Tyne which possessed Glover towers, 
only three worked so as to decompose the nitre by the gas of 
separate pyrites-burners, and to take the gaseous mixture past 
the Glover tower direct into the chambers. The other seven 
works sent the gas of all burners, together with all the fresh 
nitre-gas, through the tower, tuitliout consuming any more nitre 
than the three former ones. Among these three works was 
that managed by myself, and in my first publication I recom- 
mended this arrangement. Later oil, from experience gained 
in the meantime, the plant was altered, and all the kiln-gas, 
together with the nitre-gas, was taken into the Glover tower ; 
but no extra consumption of nitre whatever could be detected. 
In the same way Mr Schaffner, of Aussig, found no extra 
consumption ensue when he began introducing all the liquid 
nitric acid through the Glover tower. Cf. supra^ p. 713. 

It is absolutely certain, from the practical experience of 
many works, that with the Glover tower rather less nitre 
(never more) is u.sed than with steam columns or cascades. 
This is corroborated, for instance, by the former opponent of 
the Glover tower. Bode, in Dingl. polyt. J,, ccxvii. p. 305, and in 
his Prize Essay, p. 87 ; and, altogether, no contrary statements 
of those wHb have had practical experience of the tower have 
been made known. On the contrary, the Glover tower has not 
only been generally accepted in England, but also on the 
Continent. Already in 1875 the Berlin Society for the 
Promotion of Industry Offered a p»ize for an essay on this 
subject, in v^hich the utility of the Glover tower for most cases 
is express)/ presuppdse.d, and only its a'pplicability for kiln-gas 
of*’ inferior heat is mentioned as doubtful and requiring 
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examination. The* result ^of this was Bode’s often-mentioned 

• % 

essay on the Glover tower. At the present day the Glover 
tower forms an essential part of every well-arrangecV^ulphuric- 
acid works, and ranks with the Gay-Lussac tower. C'ertainly 
it will not answer to expectations when constructed in* an 
improper way or with unsuitable material, and therefore, at 
first, its use was here and there, discontinued ; but the san\e 
may be saw] of cver\’ apparatus used in the whole range of 
industry ;^nd thc^ ( //.s' of the great majority of manu- 
facturers has entirely decicled for the Glover tower. Briiiining 
{Z,J. etc., 1S77, p. 140) also quotes the experience 

of a whole scries of works at Oker in which the tower was 
employed, and where, since its introduction, less nitre was used 
than before, in consequence of the acid being completely 
denitrated, so that no loss can be incurred through the 
reduction of nitric acid to nitrogen or nitrous oxide. During 
my extensive tours through a number of the best Itnglish, 
German, and French alkali-works, I have everywhere received 
the same information, viz. that since the introduction of the 
Glover tower less acid rs consumed than formerly (with the 
diluting process). This may very frequently be in consequence 
of the chamber-acid being also denitrated in the Glover tower; 
but in some works the acid of the large (or first) chamber is not 
kept nitrous at all, and in others, from varipus cau.scs, only a 
small portion of the chamber-acid passes through the Glover 
tower. In no case Is there the slightest rea.son for assertinj^ 
that the Glover tower, by itself, wastes more nitre than the 
diluting process. At Maletra's works at Rouen, before the 
introduction of the Glover tower, 2 parts, since then only 1*3 
part of nitre has been used to 100 parts of pyrites. 

Hurter himself, in 1877, when he still imagined that a 
considerable portion of the nitrous gases was reduced to N^O 
and elementary N in the Glover tower,' admitted tjiat ‘‘with 
careful work" there was no more nitre used after the introduc- 
tion of the Glover tower than before, as quoted by Jurisch 
{Schwefelsdurefabrikation, p. 153), whose continued adhesion to 
the long exploded belief in such a 'destructive action of the 
Glover tower has been already mentioned in the (ith Chapter, 
p. 714, and w'hich is probably thc*last^ survival of^that*error. 
It should be noticed that Hurter, in his many years’ position 
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as chief chemist of the United Alkal^ Company, has never made 
any attempt at doing away with the Gloier'towers, formerly 
condemnftd by him as destroyers of nitre. 

Gay-Lussac himself had at first denitrated the nitrous 
vitrtol by bi^rner-gas and steam (p. 846) ; much later again Cl. 
Winkler, in 1867 {Untersnchungen^ etc., p. 24), proposed very 
(^learly the denitration of njtrous vitriol by sulphur dioxide, 
without being aware of the fact that this plan had«been carried 
out for some years in practice by Glover and ojhers. But 
these attempts were vitiated by the proposal to add steam or 
water, and they did not embrace the concentrating action of 
the apparatus which is now called the Glover tower. 

Functions of the Glover Toiver. — Although outwardly 
resembling a Gay-Lussac tower, the function of the Glover 
tower is exactly the opposite — viz., to deprive the nitrous 
vitriol running off at the bottom of the Gay-Lussac tower of its 
nitrous compounds, and to restore it to a proper state of 
concentration for applying it again at the top of that tower. 
This, certainly, is only one of the functions of the Glover tower, 
but the most important and charact'eristic of all. The tower 
fulfils this function by exposing the nitrous vitriol, usually 
mixed with chamber-acid, in a finely divided form, to the 
action of the hot burner-gas, whose heat acts concentratingly upon 
the sul[)huric acid, and whose sulphur dioxide acts denitratingly 
upon' the nitrososulphuric acid ; and the simultaneous con- 
centration and action of the sulphur dioxide seem very much 
to advance the denitration, which takes place according to the 
equation ; 

2S(),(0H) (ONO) + SO, + 2H,0 = 3 H,S 0 , + 2NO. 

Glover’s apparatus cannot be put in the same line with the 
apparatus described above (pp. 846 et seq), because in it no con- 
densatioivoY dilute sulphuric acid containing nitric acid can 
take place on the lead walls, and because it is altogether so 
constructed that the lead nowhere comes into contact with the 
hot gas and the nitrous vitriol. Once properly built, it continues 
working for many years,’' and caused no interruption of the 
process. Besides, it possesses two very great advantages. The 
first i^, thairit is both tl^ie n^ost complete and the most rational 
of all cooling contrivances for the burner-gas: the most com- 



CONSTRUCTION OF GLOVER TOWERS 


859 


plete, because tha gas is ijrought into immediate contact with 
the cooling-liquid in the shape of a fine spray, not separated 
from it by a metallic wall or only exposed to the CDoiing-action 
at the circumference of the current ; the most rational, because 
no expense has to be incurred for pumping up cvld water for 
cooling, but the generated steam is at once usefully employed 
in the chamber. The second and still greater advantage of the 
Glover towor is that injt not only all the acid serving for 
absorption^ in the Gay-Imssac tower, but the whole of the 
chamber-acid is brought to 144' or even up to 152 Tw, without 
any expense except that of pumping the acid to the top of the 
tower — an expense which is very small indeed, especially in the 
case mentioned on p. 723, where the exhaust-steam of the air- 
pumping engine is used as steam for the chambers. 

The Glover tower is, moreover, now mostly used for intro- 
ducing the requisite fresh nitric acid into the chambers without 
any special apparatus, by running it down together with the 
nitrous vitriol, before it arrives at the bottom it is fully 
denitrated, as well as the nitrous vitriol it.self {cj\ C’hapter 
V. p. 7 i 4 )- 

Even a .solution of nitrate of .soda has been emplo) ed in a 
similar way, but this has been given up as impracticable (p. 719). 

Construction of a Glover Tower, 

The constructive principle of the Glover tower is thfs: to 
provide an apparatus perfectly tight again.st lujuids and gases, 
and at the same time capable of resi.sting both heat and the 
action of strong acids in the liquid and gaseous form. A ga.s- 
tight apparatus is always preferably made of s(jmc metal, and 
this principle is followed in the construction of vitriol-chambers. 
But lead, the only metal to be thought of, does not resist the 
action of hot acid-gases at temperatures not very far removed 
from its melting-point. Acid-proof mate.ial of any pther kind 
requires making joints with some mortar or cement, none of 
which again is sufficiently resisting in this case. The .solution 
of the difficulty is attained in this way: — An outer shell of lead 
constructed as usual in IPhe case of chambers, towers, and the 
like, is provided with an acid-proof stone or brick lining, 
without any mortar. I'he latter, V^hii^i* would b^ de.sfroyed 
directly, is not necessary for the .stability of the erection it it 
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is properly designed, nor need the, lining be gas-tight, as the 
small amount of gas which finds its way thro'ugh the joints is 
then sufficiently cooled down not to do any harm. Nor can the 
lining itself, which is always a bad conductor of heat, transmit 
enough heat/.o be dangerous to the lead. 

We now come to the question as to what lining should be 
employed. Undoubtedly the best material for this purpose is 
Volvic lava (see p. 831), which resists both acids and heat 
better than any other material so far knojvn. It qccurs near 
Clermont-Ferrand, in the centre of France, and can be had in 
large blocks which are easily shaped to design, eg., from 
Brosson Lafilichat freres, or from A. Moity, both residing at 
Volvic (Puy-de-Dome). 

Next to this, where Volvic lava is considered too dear or 
difficult to procure, comes “chemical” brick or stoneware, 
such as resists the acids and also the heat up to the required 
extent, but it need not be “fire-brick” proper. Ncme of these 
bricks last for ever, and they always yield some alumina to the 
acid, but they may serve for several years. 

In Great Britain the “ blue bricks*’ of Mold in Flintshire are 
usually employed for lining Glover towers. The following is 
the composition of the best class called “ metalline,” supplied 
by the Buckley Brick & Tile Company, according to Chem, 
Trade y., x. p. 46:— 63-01 Si02, 25 95 AI2O3, 6-49 Fe203, 
0-75 Mn304, 0-83 taO, 0-40 MgO, trace of NagO, 2- 57 KgO, 0-9 
organic substance, and water. 

In Germany the bricks made at Bad Nauheim, at Bendorf, 
near Coburg, and at Aussig are mostly used. 

The manufacture of acid-proof bricks for Glover towers, 
according to Tonindustrie Zeit., 1890, p. 642, requires clay rich 
in silica more than in alumina, of a dense, non-porous character. 
Some descriptions of clay which are almost free from iron and 
can be bgrifed to a clinker can be used directly. Where no 
such clay is available, an artificial porcelain-like mixture can 
be made with from 25 to 30 parts felspar, 25 to 30 best china- 
clay or other good fire-proof clay, and 40 to 50 parts quartz. 
It should be burnt to a clinker, and should not shrink too much 
in the process. The bricks are best covered with a glaze con- 
sisting of 54 parts qiiaftz, 8^4 felspar, 35 ground chalk, and 26 
ground china-clay. 
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A special lining for towers (Gay-Lussac, Glover, or inter- 
mediate “ react ioei l^owers’^ is described *111 Skogiund’s Amer. 
P. 640037. It consists of sodium or potassium silic^^e, mixed 
with quartz powder and then treated with sulphuric acid, which 
takes out most of the alkali and leaves a mass not acted upon 
by acids, and easy to work. It is put on in a fa}'er of A -in. 
thickness and dried by fire-heat. The “ obsidianitc,” mentioned 
in Chem, Tr^xde /., 1909, xliv. p.*i8i, and 1912, 1 . 70, is evi**- 
dently very similar or idtfntical with the above. 

Karyscheff (B. P. 2994, of 1907) makes acid-proof bricks 
from powdered spinels, chromite, ceylonite, and similar minerals 
by agglomerating them by means of a cement under heavy 
pressure. 

The ‘"packing” of the Glover tower is made of similar 
material to the lining, but this will be treated later on (p. 867). 

We shall now explain the principles of constructing the 
various parts of a Glover tower. 

The foundation of a Glover tower can be made of strong 
brick pillars, with a roof formed b)' a strong brick arch and 
braced together with iron^stays and rods. The pillars may also 
be joined b)' strong railway rails, instead of an arch, and they 
may be them.selves constructed of cast iron, which makes the 
foundation much lighter and more accessible. The top of the 
foundation is covered by a lead apron 6 or 7 lb. to the .square 
foot, for the purpose of protecting it against acid drippings. 
This apron may be ^turned up .so as to form a saucer with an 
overflow spout ; and if this be kept full of water it will help 
preserve the inner saucer, by keeping this at a moderate 
temperature. 

Sometimes the p*latform at the top of the foundation is 
covered with a molten mixture of pitch and brimstone, and the 
leaden apron is put upon this while .still warm. This is an 
absolute protection against any corrosion of the iron pillars and 
girders by any acid finding its way down. • 

The frame of the tower must, of course, be different accord- 
ing to whether the tower is angular or circular in section. The 
former kind will be mad^ clear by tl;e designs shown later on ; 
the latter is distinctly seen in the section of a French Glover 
tower, lined with Volvic lava, giver^ belov^. , 

The material of the frame is mostl;f wood, preferably pi|ch- 
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pine, but iron frames are very ap^ropriaik, in this case. /„ 
c^.ses the frame has to support the acid-tenks required for 
feeding tKe tower, and also the light shed covering the top. 

The tower itself is made of 14-lb. lead, jts bottom of s$-lb. 
lead, the straps of p-lb. lead. Its sides are suspended from the 
top and side joists, just like those of a chamber. The lead 
stands a little off the wood, which is of importance for the 
protection of both the wood and the lead. In osder to avoid 
seams at the corners, where they would be weakest and where 
they could not be very well repaired on account of^ the frame, 
two of the sides are made of two sheets of lead (1,2, Fig. 306) 
each, which are burnt together in the middle, and which reach 
round the corners, where the sheets 3 are burnt to them, 
The seams are best burnt outside. All the side sheets reach 
down from the top to the bottom without 
any horizontal seams, and hang loosely 
within the saucer. 

Sometimes even square or oblong 
towers are not made in this way, but 
arc constructed, in single drums, like the 
circular towers (rvV/^.’ infra), the higher 
one always resting on the bevelled-out 
edge of the lower. This is especially 
done where the tower-lead is not fastened 
to the ordinary frkme by straps, but is held together by iron 
rings or closely touching wooden frames, which offer resistance 
to the thrust of the lining and packing. Iron hoops, however, 
have the disadvantage of gradually cutting into the lead, and 
closely touching wooden frames cause tl)e lead to be wasted 
much more (piickly. 

The bottom saucer is formed of two sheets of lead burnt 
together in the middle and turned up all round to a height of 
12 in. Sinc(4. sheets o{ 35 lb. to the square foot cannot be burnt 
together in the usual way, they are joined thus : they are placed 
close together, after having the edges cut off slantingly and 
scraped clean (F'ig. 307); into the rebate, a, thus formed, lead 
heated a good deal beyond its meltfeg-point is poured : the 
latter, before solidifying itself, fuses the margins of a ; and this 
is further agisted by ^ a red, hot iron, so’ that the whole unites 
intota solid mass. 



Fig. 306. 
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Another methgdof joining such thick sheets of lead is this: 
cutting the lead as nliown in Fig. 307, theft heating the borders 
with a hot iron, and at once applying the blowpip^ so that 
the lead at this pla^e melts for a certain depth and runs to the 
bottom of the triangular channel between the twp sheets and 
closes this up, whereupon the whole channel is filled up by 
heating with the blowpipe both the borders and a thick strip of 
lead, as usual when burning horizontal lead seams (p, 599). 

Sometimes, as we have seen above, the ‘bottom of the tower 
stands in another saucer, filled with water, which is allowed to 
get hot, but even in this state forms a protection to the inner 
saucer against overheating. In other cases there is a constant 
flow of cold water round the bottom saucer, so that the acid 
gets cooled to some extent before running away, which is an 
additional advantage. Anotiier plan for cooling the bottom is 
that which is shown in the designs below, viz., arranging a net- 


Fig. 307. 

t 

work of air-channels in the brickwork underneath the lead 
bottom. 

Inside the tower bottom is protected by a layer of 3-in. acid- 
proof slabs; sometimes first a piece of lead is laid loose on the 
bottom before putting the slabs on. 

Lastly, we must itotice the “ //)>” where the lead side of the 
saucer is turned over to form a place for the acid to run off 
continually into a leaden spout. This part, over which hot acid 
is incessantly running and which cannot remain covered 
by a protecting layer of lead sulphate, is exposed to very 
great wear and tear; and as it cannot well be repaired while 
the tower is at work, the plumber must not neglect to put a 
false lip, consisting of a piece of sheet-lead beaten •tli^wn close 
upon the real lip. The acid will then run over the false'lip; 
and the latter, when worn out, can be replaced by a fresh piece 
in a few minutes. 

Instead of a “lip,” a Itstid tube of about 1} in. bore can be 
burnt in the side of the saucer, a little below its upper edge ; 
but the plumber must do this with rtic i^titiost carc,^nd ftiake 
the joint extremely strong, *in order to save repairs, which can 
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only be made after stopping the work. Atf §tolberg, where the 
Glover tower has nrP saucer, but the bott«>miand sides are in 
one picciy two running-off pipes are provided, so that one can 
serve when the other is stopped up, etc. f 

*T/ie lead^ top of the toiver is suspended from wooden or, 
better, iron rails, to which it is fastened by straps, and which 
^re supported by the side frame. Towards the centre it is 
dished out so that any acid leaking from the tant;s cannot run 
down the sides of the tower, but finds its way into the tower 
through the hydraulic joints of the acid-dis\ributor.* 

The inlet and outlet of the gases require special care. About 
the outlet-pipe nothing need be said, except that on its bottom 
a small ledge is formed, which compels the acid squirted into 
it to run back into the tower ; this pipe also usually rises a 
little towards the chamber. On the other hand, the fixing of 
the entrance-pipe, which ought to have a slight fall towards the 
tower, is not quite such a simple matter, and at first caused 
much difficulty. It is mostly made of cast iron, and has in the 
great majority of acid-works, except in the above-mentioned 
cases, a temperature of at least 300 ’ C- The lead of the tower, 
where it touches the cast iron, will therefore be quickly wasted, 
and any kind of cement put between the two will' not do much 
good ; in most works formerly a little gas was seen escaping at 
this joint, and it gave occasion for many repairs. The following 
arrangement obvihtes this drawback : — The pipe is not at all in 
contact with the lead, but with a metal casting. The latter is in 
(he shape of a ring with two flanges perpendicular to the plane 
of the ring ; the thickness of the metal is i in., the clear space 
between the flanges 4 in., the total hpight 8 in., the inner- 
diameter of the ring 2 ft. 9^ in. Since the outside diameter of 
the inner pipe is 2 ft, 7A in., there is a caulking-joint of i in. left 
free all round, which can be filled up with any hard cement — 
for instance, the ordinary rust-cement made of iron filings, 
sulphur, and sal ammoniac ; this cement can be rammed in 
hard, as it lies between two iron surfaces. In the side of the 
tower, in the place in question, there is a circular hole to the 
circumference of which an upstanding^ flange is burnt, fitting the 
outer circupiferencc of the cast-iron ring ; between the lead and 
the won ajlittle ordinary ta.r and fireclay cement is put; and a 
wfought-iron hoop in two parts with screw joints firmly binds 
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together lead, cement, and «ast iron. Since the outer part of 
the ring is coole<\ bV the air circulating ... the hollow space, 
only a small part of the heat can be comn.umcated to ^t winch 
the inner part of tfte ring receives (already weakened b> t 
layer of cement) from the inner pipe ; and thereforc-io > 

is^experienced in keeping the joint between lead and iron tight. 

A^t the Aussig works the difliceJty is obviated In' attaching, 
to t^e cai-ir.n gas-pipe coming from the burners a short piece 



Fi->. 30S. 


of fireclay pipe with a flange jojut ; t e tatt« 1- - ^ " J 
Glover tower ; and the lead siile of this 

fireclay pipe by a burnt-on flange 'Jllnge 

cement between, and “/^^s much thicker walls, 

on to the pipe. As the Y*-*" > P cast-iron one, 

and is a much worse conrRicto cooling just de.scribed. 
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hole at the bottom) is enlarged at jts end/ &o that it embraces 
one end of the dry-wallcd annular-shlp^d brick flue c c, 
whilst tlte other end is tightly held in the brick lining d d the 
tower. The lead side of the latter {e e) is continued into a lead 
cylinder (//) surrounding the free portion of the flue cc", its 
end is bent round in the shape of a flange, pressed against a 
.flange of a a by means of c^n iron hoop and screw-bolts ; and 
the joint is made tight by asbestos packing. ♦ 

At some works the burner-gas is carrit^d into tfee tower by 
means of pipes, made of Volvic lava, in two halves, as shown 

Fig* 309* l^ids case no special contrivance is required for 
protecting the lead at the joint. 

Duggan ( 13 . P. 5012, of 
1896) employs a water-cool- 
ing jacket to the inlet-pipe 
for the Glover tower. 

The lining of the tower is 
made of the materials de- 
scribed above, p. 860, and is 
so constructed as to serve at 
the same time as a support 
for the packing. This is facili- 
tated by the fact that at the 
bottom, where the hot burner- 
gas inters, the lining mu.st be 
anyhow much thicker than 
Iiigher up, say 2 ft. 3 in. all round. This is continued, say, 4 ft. 
high, vvhere the thickness of the lining diminishes to 18 in.; 
the recess thus formed serves, together wjth a central pillar, for 
supporting stone slabs which form a grid for the packing. Or 
else arches are sprung from side to side for the purpose of 
forming a grid, as shown in the designs below, by being levelled 
to a planf Surface atHhe top. 

Higher up the thickness of the lining decreases to 14 in. and 
at last to 9 in. 

The whole lining of the tower as well as the dome (arch) of 
the grid must be walled chy, without fnortar of any kind (p. 859). 
In order to, make the arch sufficiently stable without any mortar, 
it shftuld iK)t be madfe pf ordinary fire-tricks cut or moulded to 
shhpe, but of large fireclay lumps expressly manufactured for 
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the purpose, whosef sides join smoothly together. In some 
works all the brides if the lining are groiiiul one upon another, 
so that only extremely small joints remain. This • is most 
easily done where t^e lining consists only of a few large blocks 
of Volvic lava (see p. 860, and below). • 

It is not considered bad work if the lining of a Glover tower 
stands for three years without having to be renewed ; some-* 
times it stands much longer. 

Steuber^& Co. (G^er. P. 227283) construct acid-lowers without 
any lead shell, with double sides of acid-proof stones. They 
protect the foundation against the action of acid penetrating 
there by means of channels through which fresh water is 
constantly running {cf. also the linings described suprit, p. 860). 

The packitip^ of Glover towers in IGigland usually consists of 
flints, picked from the chalk and purified by washing with 
hydrochloric acid. This material is alxsolutely acid-resisting 
and does not fly by the heat ; but it does not possess any great 
surface, aiid it is v.ery heavy. For the latter rea.son in many 
places the upper third of the tower used to b(.‘ filled with 
the very hardest of cokef but this led to .several accidents, 
by the coke taking fire when there was by chance no feed 
of acid on ; there is also always some action of the acid on the 
coke, as shown, pp. 350 and 791. Most factories have given 
it up again, but it may be still in use here and^there. 

Silica in the form of quartz is frecjuently employed ;* but 
some descriptions of'it are very liable to cracking in course 
of time, and filling up the gas-channels to such an extent that 
the draught, and with it the yield, is enormously impaired. 
Herreshoff (Amer. P.* 335699; B. P. 1861, of 1886) employs 
nothing but pieces of quartz within the Glover tower. As these 
cannot be very well obtained in the regular shaj^c for an 
ordinary lining, he keeps the lining a foot or so away from 
the side of the tower, and fills the spacfe thus f^rijied with 
quartz-sand. The lateral pressure due to this interior filling 
is resisted by suitable plates outside of the lead sides of the 
tower. The bottom of the tower is .so constructed that it ^ 
resists the action of hot, .strong acid.* These towers are said 
to be nearly indestructible, and to concentrate tlje acid up 
to 63'' or 64'’ Be. The acid from tlfb I^ei^reshoff t(^’ers Is so 
free from iron and alumina that it is run directly into a platinum 
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still or pan, and concentration iiii. completed in an iron pan, 
the hot gases from* the furnace passing/ui^der steam boilers. 
These tkwers have been in use ever since 1885 at the Nichols 
Chemical Co. and the General ChemictYl Co. (Chandler, in 
/. Soc. ChoM. Ind., 1908, p. 269). 

Fakling recommends quartz of a vitreous appearance, free 
from cleavage-lines and admixture with schist or other foreign 
matter, A little pyrites or oxidij^d pyrites (does not hurt, 
but it must not be present in such quanti^y as to /:ause a flaw 
or to cause the quartz to “ break down.” 

For {tacking the towers even broken glass or stoneware 
seltzer-water bottles with their bottoms knocked out have been 
found useful. One of the bc.st materials for this purpose seems 
to be that supplied by the potteries at Bad Nauheim Germany). 
It consists of almost pure silica, is burnt at the intensest white 
heat, cuts glass, and resi.sts both any change of temperature 
and the prolonged attack of hot acids. Lining-bricks of this 
material cost ^'i, lo.s. per ton; for packing the towers short 
open cylinders arc made about 5 or 6 in. long and 4 in. wide (at 
£3, 10.S. per ton). Formerly these vtcre thrown in without any 
special care, but this is decidedly wrong ; the cylinders should be 
put in in a regular way (see below). The lUicklcy Brick & Tile 
Co. also supply such “rings” for packing Glover towers. 
According to G^ E. Davis this packing answers better than 
the coke-packing (which for Glover towers is most objectionable 
^anyhow !), but the damper must be used more freely and the 
distribution of the acid must be more perfect than with 
coke. 

Sometimes the Glover towers arc simply packed with bricks, 
set on edge, in open work, as in a Siemens’s recuperator. 
These bricks should of course resist the action of the acid. 
Blue Welsh bricks (p. 860) are frequently employed, and even 
some descriptions of common bricks seem to stand very well 
(/. S(h'. CJietn, Ind., 1885, p. 33). But undoubtedly they are 
always acted upon more or less, and yield up more iron and 
alumina to the Glover acid than towers lined and packed with 
Volvic lava or quartz (.see end of thi? Chapter), 

At Stolberg (1902) it has been fou;id that acid-proof bricks, 
maefe frorrt ground clay-slate in tli,e Ruhr district, stand much 
better in the Glover tower than fireclay cylinders. The 
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hydrogen fluoride* fevolveci in roasting^ blende most acts 
injuriously. ^ . 

Brick-packing and also the ordinary cylinders ifavc the 
drawback that they ^o not spread the acid or divide the gase(His 
current as well as denser kinds of packing. • 

•Knab (Ger. P. 67085) promotes the unimpeded transit of 
the gases and prevents obstructions. by a sj)ccial kind of packing. * 
He forms in •the centre cvf the tower a column consisting of 
superposed ^cylinder^. Each cylinder is provided with six 
slightly inclined earthenware tubes, arranged star-shape, and 
with their outer ends reaching into the brick lining of the 
tower. These stars arej alternately arranged so that the pipes 
form a kind of steps, and four*superpo.sed stars fill up the whole 
section, the pipes of the fifth star lying exactly over tho.se 
of the first star, and so on. The acid is thus comjielled to run 
all round the pipes and to splash on to the })ipe.^’ lying below. 
The pipes have different inclinations, in order to better divide 
the acid. [Such pipes will soon crack, and the whole apparatus 
must then collapse.] 

Saunders (Amer. P. 14^928, of 1873) employs hollow glass 
balls with one or more opening.s. 

Klcncke (B. P. 25027, of 1908) rejects the usual coke or 
earthenware packing of Glover towers on account of the action 
of silicon fluoride contained in the burner ga-s^^s on such pack- 
ing. He employs a lead packing, and cools the gases previously 
by means of a tower without packing, so as to prevent the, 
lead from melting. 

Even when employing some other kind of jiacking than 
bricks (such as flints, eylinders, and the like) it is advisable 
to place just over the dome two courses of the same’ kind of 
bricks as serve for the lining, pigeonhole-wise, in order to 
divide the current of gas in a regular way. The packing, of 
course, must be done as .systematically afld carefuTl>» as that 
of the Gay-Lussac tower. 

Liity (Z. angew, Chem., 1896, p. 645) states that the 
quartz (or flint) packing formerly used in Glover towers has 
been entirely replaced in Germany, first by acid-proof bricks 
or slabs, since about i88g by cylinders, about 5 in. v. ide, 6 in. 
high, and I in. thick. With quartz packing only I2^r 15 per 
cent, (after some mud has formed, only 10 per cent.) of the 
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tower is empty and free for the ^reactioijES, with bricks about 
35 per cent., with cylinders up to 58 pe^ cent. Horizontal 
surfaced are much less active than perpendicular ones, which 
are in contact with constantly renewed arid. For this reason 
the success of the bricks and slabs is not so great as was 
expected, no more than that of the Bettenhausen “ dividing- 
‘ cones” (“ Verteilungskegel ”), as shown in Figs. 310 and 31 1. 
But the packing with ordinary cylinders has also led to many 
disappointments (pointed out, by Guttmann in /. Soc. Chem, 
Ind.^ 1903, P- I 33 0 ‘ understand if the cylinders 

are glazed, or if they arc placed in such a position that a system 
of continuous pipes is formed. 



Liity recommended cylinders 160 mm. high, 120 mm. wide, 
with walls 20 mm. thick, and a rough surface, placed in such 
manner that the joints are broken (Figs. 312 and 313 ^). They 
ought to be made of really acid-prooii stoneware, not merely 
protected by a glaze which does not last very long. Even the 
best material, however, will be destroyed if improperly treated, 
especially by washing the tower with cold water, when its 
tempera.ture is about zoo"" C. Instead of this, the tower should 
be allowed to cool down, or else hot acid or hot water should 
be employed for washing. When a tower has to be stopped 
for repairs to the chambers, the air should be prevented from 
entering, because the moisture contained in it, by diluting the 

V Niedepfiihr greatly prefei;s to this arrangement that which is shown in 
I^^g. 332, where each cylirWer is placed ai the intersection lines of four othet 
cylinders. 
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acid soaked up by 4 |e cylii^^lers, will in consequence of increas- 
ing the volume ^qt:iuinically disintegrafe these, even when 
no chemical attaclJ of the earthenware takes [)lace, "flie tower 
should not be wailed with water at the beginning of the 
stoppage. • 

The perforated plates, on Lunge and K(dirniann’s system, 
which have been described on jp). ()5() et v^v/., are not very* 
well adapted •for packing , a whole Glover tower; in the lower 
part the h(^lcs woulj be too (jiiickly stopped up by nue-dusl, 
and they would be liable to crack there as well. lUit they can 
be employed very well in the upper half tif the tower, the 
lower half being packed with bricks set edgeways, etc. 'I'his 
plan obviates an objection made to the Nauheim c)linders, 
viz., that in consccjuence of their coin[)aratively large size the 
acid and the gases are not sufliciently brought into contact 
and the denitration is not very perfect. 

An excellent application of these plates has bi'en made in 
a case where it was necessary t(» bring about the denitration at 
the lowest p(tssible tenijKrature, in order to avoid los.ses by the 
ammonia present in the ifas-sulphur (spent oxide) employed. 

A small tower of onl)’ thirteen layers of plates w-as put on the 
top of the ordinary Glover tower ; the gases leave the latter 
at 90' C., and the plate-tower at 60 C. In spite of this slight 
difference of temperature and of the smajl height of the 
plate-tower, it was found to perform Ho per cent, of the 
denitrating work. I fence the plate-towers must be considered, 
excellently adapted for this chess of w'ork, if they can be 
kept clear of Oue-dust (which in the ab(jve case was retained 
by the old Glover ^wver). They must, however, nrH be 
flushed out while hot with cold wniter, which causes the plates 
to crack. 

Great success has been attained by a s[)ecial kind ol 
packing, designed by Niedenfiihr on the'^dan of tin* Lungc- 
Rohrmann plates, and shown in Figs. 314 to 317. Here the 
acid is retained on the surface in a shallow layer, and on 
dropping down is always spread over fresh surfaces, without ^ 
the danger of the cracking of plates'and the stoj^ping up of 
holes occurring wdth the ordinary Lunge plates. • 

Official information reegived from tbe Oker works in 1902 
confirms that since 1900 the quartz- packing of the Glover towers 

3 
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has been replaced by^“ Lungc-Rohrpiann ’ /i)acking of the kind 
just described and by dishes, with entire siicc-ss as to the con- 



Fig. 316. 317* 


centration and denitration of the acid. The acid issues at a 


temperature of 150’ to 1 60', the gases at 75 to 80" C. The 
towers receive per annum 21,590 tons nitrous vitriol of 60" Be. 
and 11,395 tons chamber-acid of. 50" Be. Some of the sets have 



Fig. 318. 


two or three parallel-acting towers, 17 
to 21 ft high and 6 to ft. square ; set 
No. V. has a tower loxio ft square 
and 33 ft high. 

A new shape of stoneware packing 
for Gay-Lussac and Glover towers (or 
for distilling columns) is that described 
in the Ger. P. 158715 of Sauerbrey and 
Wiinsche, and shown in Fig. 318. Each 
of the elements of this packing has a 
dished head, and a dished bottom, 


walL, connecting these, with openings, r. This special shape 
is" meant to compel both the gases and the liquids to travel 





PACKING FOR GLOVER TOWERS 


873 


in the precise w-a}'-* , Uctkieci. The liquid runs in a thin stream 
over the surface, ai-d the gases pass through il without any 
considerable pressure.. These packing elements divide ihe space 
of the tower into h >ri/.ontal layers of small cells, the top and 
bottom of which have perforations for allowing tlK* gases anil 
the liquid to pass from one layer to the other. 

Rabe {Z. C/tcni., p. 78; 1906, p. ;o8 ; tier. !’.• 

148205) describes as packing for round or s(juare towers 
angular bydies, a.^ shown in bigs. 319 and 3^0. t hey luive 




principally perpendicular { lanes for the licpuMs to run down on, 
in a very thin layer, and his calculation makes them out to be 
ten times more efficient than clinkers of the ordinary sha|)e, 
and weighing only one-thirteenth of their weight. 



Fig. 321. 


Liittgen (Ger. P. 172445) employs tor reaction fbwer.s'etc., 
a packing consisting of acid-proof stoneware bricks, placed 
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cdj^cways, of quadrilateral or scctiAit, with lugs in the 

centre of the ends, and bearers for carrying tl/fcm on those lugs. 
Their shJipc is made clear by Fig. 321, ^ 

Kvers (Ger. P. 17267S) describes as packing-stones for 
condensatioh- and reaction-towers, horizontal!}' placed stoneware 
discs, with concentric or spiral gr(>oves on the upper and the 
dower side; the raised parts •on any one disc corresponding to 
the grooves on the next higher or lower disc. ' 

Wiltsch (Ger. I*. 173612; employs cyli/ulers or# cones, with 
depressions on the nj>per and lower surface. 

M. Liebig {Z. uni^cw. ilu'ui., 1906, pp. 1806-1810) discusses 
various recently proposed forms of stoneware packing for rcac- 
linn towers, lleddcsnot think it a})propriate to replace the 
chambers entircK’ by such towers (cf. supra, pp. 683 ct seq), as 
tluM'e is a certain time re(|uired for the union of SO.,, O and 1 1.,0 ; 
but they are very useful as intermediate organs for ve-vnixing 
the gases between two succeeding chambers, (juttmann’s ball 
packing (p. 680) is not so well adapted for large towers (apart 
from its extremely high price) as for small towers (for nitric 
acid). For the former a packing of^clinkcrs on high edges of 
cylinders, of rhombic and ellipsoid bodies, etc, is preferable, 
esjiecially Liittgen’s rhombohedric grate [lacking, Fig. 321 
(p. 873), seems to him very good indeed, better than Scherfen- 
berg’s (p. 875); be quotes very good results he obtained with 
the former. 

, On the other hand, Feigensohn {ibid., p. 2099) strongly 
opposes Liebig’s recommendation of Liittgen’s [lacking, which 
he asserts to be inferior to Lunge plates and to various other 
recent systems, including his own rhombohedric bodies. 

The lUickley Hrick 8: Tile Company supply tiles of a special 
shape, according to a patent of Mackenzie 
and Gibson ( 67 /<v//. 'J'radc /., 1908, xlii. p. 535). 
' The VereinigteDampfzicgeleien-Industrie 
A. G., Berlin (Ger, P. 191890), employs pack- 
ing-bodies of the kind shown in Fig. 322, 
viz., balls with funnel-shaped holes, connected 
by a central channel, which cause the gases 
^ to assume a whirling movement and to come 

thoroughly into contiifct with the liquids. 

The Chemische F'abrik Griesheim-Elektron (Ger. P. 218779) 
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combine very thin^forru^ajyd rin<;s or prisms, which by them- 
selves would i’)e 10v> weak for siipportii!^; the whoh; super- 
incumbent biirdci. with thick outside rin^s, etc., siTivini,^ as 
strcn^dhcniiy4 tor the former. 

" Peyton (H. P. 18831, id 1908) employs |)ackifcj'^-l)i icks of 
circular shape, with elliptical or conical section, presentintt a 
pair of upper and lower convex surfaces; on each surface there# 
are four radi.'vl bearers. 

Wilhelny (Ger. 1 *. 211)739) .shows a new kind of j)ackin^^ for 
acid-towers, by winch triangular reaction spaces arc formed. 

Stcinbrecht (Ger. l\ 236880) provides the packing-bricks on 
more than two sides witl) round, oval, or anipilar nicks, servintt 
for holdin^^ back the dust ; after beinij u.sed for some time they 
arc taken out, cleaned Irom dust, and used over .ayairi in an 
inverted position. 

The same inventor (Ger? P. a])pl. A 12244) descv\\)es a 
packing consisting of cubes, tlie six sidc.s of whicl) are shaped 
as invt rted p}’ ram ids. 

Scherfenberg (Ger. Ik 1S4S93; H. P. .^366, of H)o0; (ier. P. 
231)072) describes packiiig-bricks for reaction-towers, etc., of 
triangular, quadrangular, or j)olygonal section, with smooth or 
corrugated surfaces, provided with lugs for building them up 
cro.sswisc. 

Mackenzie (B. P. 17S32, of 1906), in lieu of loose packing, 
provides Glover towers and analogous apparatus 
inside with solid \Valls, connected by bridges, the 
centres of one row of bridges being arranged above 
the centres of the row below. 

Petersen (Fr. P. 3 8c 262 ; Ger. P. 209681) em- 
ploys perforated V'-^haped plates, as shown in 

Fig- 323- 

Green and the H uncoat Plastic ]?rick & Terra 
Cotta Co. (B. Ik 28004, of 1910) pack the towers 
with tiles, reces.sed at the corners to take distance 
pieces by which they are built into succe.ssivc floors or layers, 
each tile being j)rovidcd with channels and troughs on the 
upper surface, and a scries*of ribs and channels on the under 
surface. Each floor is compo.scd of a series of the Ulocks laid 
side by side and end to emj, and tfie ftr)6r.s are arraifgcd 
that the main openings through the tiles on one floor arc above 
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the blank portions of the tiles in^ the nijy.t. The ascending 
gas is broken up an(f deviated by the chamiels and ribs on the 
under sift-face of the tiles, and while liquid isAlways lying in the 
recesses on the upper surfaces, it is being ^continually changed 
by’the drip^^jf licjuid from above and its flow along the channels. 

Olga Niedenfuhr (Ger. P. 183748) describes a tower-packing 
*of the shape shown in Fig^ 324, which explains itself. It is 
essential that the upright and horizontal parts should form an 
acute angle. Her Ger. \\ 216342 shows tubes with projections 
at various points which fit into corresponding holes of the 
adjacent tubes, so as to produce a very good hold. Such tubes 
can be made up to 3 ft. high, and this greatly expedites the 
work in packing a tower. 
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The Mayor, Alderman and Citizens of the City of Bradford, 
^W. Wild and S. W. Shepherd (B. P. 19001, of 1906) pack towers 
with a series of crossed layers of vertical or inclined glass strips. 
I'hc ends of these strips fit into the grooves of specially shaped 
bricks which are built into the lining of*the tower. The depth 
of the glass strips is slightly less than that of the bricks, in 
order to allow a space between each two layers. 

^ Guttmann (B. P. 4407, of 1907) employs channel-shaped 
pieces, provided usth gas pas.sages and draining-holes, and 
projections or shoulders, built up in a honeycombed structure, 
as shown in P'ig. 325. 

J'avlitzek (Ger. P. 229999) cmploy.s cubes with internal, 
diagonal, undulated partitions. * 

Wheatley, Sheldon & Tomlinson (B. P. 17472, of 1911) 
emfiloy plhtes with piojcc\ions at Iwth ends, on which the next 
higher row of plates is resting. 
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Petersen Chem., 1911, pp. 972 to 975) discusses 

the examination oi packin<^ iratcrial foi' acid-towers, without 
bringing auN tliin,; Jicw. « 

//(7 <,'/// of the ( 'i\’ovt'y To:c<y . — In some cases it is preferred not 
to fill the tower to its ver\' tO[), viz., if the t;as is tlyis co(ded too 
much ; for then part of the first-formed aqueous vapour miyht be 
condensed a'^ain tothe liquid state, dilution thus counteractiu}.^ thy 
concentration. The temperature of the outf^oint; gas is generally 
about 60 C.; some manul*acturers prefer fr<uu bo to 75 ( '. Hut if 
too much cooling must be avoided by leaving the iq)].)er part of the 
tower empty, that portion miglit be U'ft out altogetlier and the 
tower be made so much lower. In fact, towers from iS to 20 ft. 
high have recently been preferred to high one.s. The height will, 
of course, depend upon the heat which the ga.s j)ossesses when 
entering the tower, thcrefoie uj)on the kind of ore burnt, upon 
the presence of dust-chanfoers, upon tlur length of w'ay from the 
[)yritcs-burners to the tower, and so forth. According to 
numerous notes taken by me on this subject, the proper height 
for a Glover tower, under ortlinar\' circum.stanccs, seems to be 
from 20 to 25 ft. At #)ue works, where two towers w'cre 
erected, one 2.| ft., the other 36 ft. high, it was found that the 
higher tower did no more work than the lower, so that the 
expense caused by the additional height, both in erecting and 
packing, seems to have been uselcs.s. 

Thr (iistrihiiion of the acid for feeding the Glover tower* is 
effected [irecisely as in the ca.se of the Gay-Lu.ssac tower, either 
by reaction-wheels {sufra, [). 799; or by stationary overllovts 
(]). 802). Acid-w’heels ol different descriptions are shown in 
our first edition, pi)..438 to .\.\<.\ and in the second edition, 
pp. 587 and 588. 

I^'or very large (Slover towers it is preferanle to employ 
several spouts, running right across the top of the tower, with a 
number of lips on either side, each cf'unected wUh a pipe 
leading to a hydraulic lute on the top of the tower. The 
principle of this apparatu.s, \vhich will be noticerl in the 
NiedenfUhr tower. Fig. 327, is the same as in the circular 
apparatus. Figs. 276 to 27^ fp. 802), which' is adapted to towci^f 
of smaller .sections. , 

The regulation of t^ic flow for* thc^ Glover tower is nearly 
always effected by hand, or else by the apparatus showiT on 
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p. 807. Any apparatus for an absolutelyt constant supply of 
liquid would be out of place here, as the r/lative quantities of 
nitrous vitriol and chamber-acid vary, and ^ust be regulated 
according to the state of concentration and^ (lenitration of the 
outflowing a^id. 

The cubic co}itc)iis of the Glover tower worked by myself, 
^nd shown in our first and second editions, measured inside the 
lead without taking any account of the lining, the^space under- 
neath the dome, etc., for a daily consumptioji of 9 tpns pyrites 
with 48 per cent, sulphur, amounted to 9X9X 30 ft.— that is, to 
2430 cub. ft. This for every ton of sulphur burnt daily amounts 
to about 550 cub. ft.; and this figure may be considered the 
proper one for the proportions of a Glover tower ; at some of 
the largest works it is closely approached. At the Saint- 
Gobain Company’s works the real working-space (/>. that 
occupied by the packing moistened with add) is from 70 to 
160 cub. ft. per ton of pyrites, or, say, twice as much per ton of 
sulphur; and as the proportion of the working..s[)acc to the 
total space is not much more than 1 : 2, it may be said that the 
higher of the Saint-Gobain figures coines roundl)’ to that which 
we have just stated as the normal one. 


Description of Complete Glover Towers. 

• In the first and second editions of this book (2nd edition, 
pp. 576 et .ov/.) I gave the working-drawings and detailed 
description of Glover towers, such as were built from 1870 
onwards, and as I had worked myself for a number of years. 
Many towers have been erected from tliose drawings, but I 
shall not repeat that description here, as it must be considered 
obsolete now, and I shall in place of this reproduce the designs 
of a modern Glover tower, as kindly supplied to me by Mr 
Niedcnfiihjr, f:arricd (jut in practice with fullest success at a 
considerable number of works. 

First I shall notice some recent descriptions of Glover 
towers found in literature. 

^ Instead of the square section at •first universally employed 
for Glover towers, latterly circular towers have come into use at 
many«works/ If lined* \v;ith bricks, these' arc placed polygon ally, 
unless suitable bricks, shaped to fhe proper bend, can be 
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procured. In Fraijcc the ^towers are usually lined with lar^^c 
blocks of Volvic lavn, circular in section, ;hid forminj.^ by tlicin^ 
selves a substantial tower, althouidb of course, wirtuuil any 
mortar, so that tlie lead shell is quite independent of them. 
Fig. 326 (from Fr-nny’s Enn'clopt^Jit' cJi'nuiqin', t. v# section l p. 
18S) gives a horizontal section of one of these circular towers 
which serves for a set of chambefs of ibo/x'Ka ft. capacity, and^ 
is constructe^l as follows It has a width of 6 ft, 9 in. and 23 ft. 
height, an(j rests oji a block (»f masonr\-, set in cement and 



protected on the top by an aj)ron of 7-lb. lead. On this are 
erected eight uprights, a a, mortised into octagonal horizontal 
frames at top and bottom. The uprights are i>r 12 in. 
square, and are connected by two rows of cross-piece.s, h 
provided with iron binding-bolts. The holding-straps for the 
lead are attached to the uprights. The leaden shell consists of 
four drums, which are burnf together fn their {daces. The first 
two are ii mm. thick ( = 25-lb. lead), the third 8 mm. (“ 18- 
lb.), the fourth 6 mm. (— i^-lb.). This* last drum^is dressed 
inwards at the tojj edge, to be joined to the cover, which is 
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suspended by means of straps from jivc railJ^4ay-bars resting on 
the top frame. Untif the lead drums arc in 4 heir place, only five 
of the cipf,ht upright posts arc put in, so as t^ leave a passage. 
Each drum is bevelled a little outward on the top edge, so as 
to form a s(;at for the next higher one ; the joint is then filled 
with molten lead. The drums, before fixing, are left on the 
.^wooden cylinder on which ^they have been made, and are 
hoisted and lowered down into their place with, the cylinder 
still in. The lava lining is provided for tl]c first tjirec drums 
only ; the fourth is left naked, as the gases are here sufficiently 
cool not to injure the lead. There arc eighteen pieces of lava, c c, 
six for each drum, in three courses with alternating joints, lo or 
12 in. thick ; at Salindres they are i«S in. at the bottom, 12 in. 
in the middle, 8 in. at the top. The joints are made as thin as 
possible. The grate is formed by four or five sleepers made of 
lava, d (i^ as shown in the drawing ; thc\’ arc sometimes 
supported in the centre by a thin wall, c. 

Circular Glover towcr.s, even of very large dimensions, can 
be built without the applications of wooden or iron frames, the 
lead being stiffened by a few circular iron hoops (covered with 
lead), about i in. for each 5 ft. of their heiglit. 

'riie advantage claimed for circular Glover towers is that 
they require less lead for a given cubic space, and that the lead 
suffers less when it is bent in sharp corners, l^ut while for 
Gay-Lussac towers these reasons may be accepted, it i.s, in the 
case of Glover tower.s, doubtful whether they are not counter- 
talanccd by the much greater trouble and expense of construct- 
ing the circular lining. 

Henkcr (1902) has built circular Glover towers of Volvic 
lava with a leaden shell which have stood for twenty years and 
are likely to stand as many more ; akso towers without a leaden 
.shell, which are chca])cr and simpler to make, but about the 
durability tfT which milling can be said up to now. The towers 
are placed on such high foundations that the pipe from the 
dust-chamber has a rise towards the tower, and can be easily 
cleaned out every month. The grate is also made of Volvic 
stone, frequently also the' packing, \fhich is employed in pieces 
up to the size of a child’s head. These towers arc never stopped 
up w^ith rnifd. * c * 

Guttmann (/. Soc. Chem. buLy 1908, p. 667) reports that in 
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England, too, Vojvic lav^a towers ;iro now iriadc to stand 
by themselves, biH sometimes a thin bnter shell ol j mm. 
lead is added t(^ prevent the escape of fumes; ifon hoops 
covered with lead hold the lava .scpmienls together, and some- 
times even these are dispensed with. .\o woodeik slnittme at 
all is required, since even reservoirs are dispensed with where 
automatic feeding apparatus are ysed. ^ 

Steuber^ Co. (Ger. E. 22728;,) build acid towers without a 
lead shell,, with doyble walls of acid-proof bricks. In order U) 
protect the foundation against the acid, channels are m.ade in 
it through which water is continuously run. 

Lilty gives a design of cylindrical Glover towers (/■. a//;, -a-. 
Chon., 1896, p. 640) to ft. unde. The bottom is ])iotected by a 
double layer of acid-proof tiles, 8 x .8 x ,1 in. The sides are- l ined 
up to the lower side of the grate with arch-bricks, 14', jii. long, 
clo.sely touching the lead, and leaving a clear spare of ^ ft fi m. 
In this lining the iiilct-pipc is built in, consisting of four large 
moulded pieces, with an inside diameter of 3 ft. m. ; into t ns 
another acid-proof pipe is introduced which on the outside is 
connected with the cast-iton gas-pipe by means ol screw-], olts. 
On the floor two columns arc placed, S in. square and ft. (mi. 
high; these, as well as the side linings, carry a grid, cmi'-istmg 
of slabs 5 in. thick and 19 in. high, with inten-als of f>4 "i., r«ed 
by stone cubes put between the slabs. 1 he p.ickin,,^ )c,,m. 
above the grid with two layers of bricks, 1 ;-4 x 3' i.t x 7 ' 7 "i-, 
the second 'layer crossing the slabs. .Wiw follow two nf 

bricks, 10 X 2 X 5 - 3 ^^ "’"f 

grid, and up to a total height of 21 ft. above the floor consists 

of bricks shaped to tjie curve of the tower, lO in. thick above 
this to the top of the tower the lining is only 5-.s thick. He 
space above the grid u|> to the height of the outlet.|upe is filled 
with the cylinders dc.scribed on S70, regularly placed in layeis 

with broken joints, as shown in h'ig. 3i3-‘ .* 

Later on (Z. Chon., 1897, P- TP) (-"ty gives further 

details respecting Glover towers, especially advocating t c crcc. 
tion of two towers acting parallel and dividing the gas ''‘’'n 
burners. This was morefarticularlf advocate, by ' 

(Chon. Zeit., 1897, p. OO4), who also . 

of tiles for packing tfie towers vthicJi avoid tlfe .halfback, 
mentioned by Lilty. Later on the cmpl..yment ..f tu o paralle 
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towers has been abandoned owing to the dignity of an exact 
division of the gases, Except for cases where/two sets of burners 
each hav(S their own Glover tower, both connected with the 
same set of chambers. 

(Vc now give drawings of a Glover tower (Figs. 327 to 332) 
designed and erected in a number of works by Mr H. H. 
‘Niedenfiihr, of Herlin, which (embodies the latest experiences in 
that Hne.^ On the foundation we notjee, first, the, strong hori- 
zontal timber frame on which the four wc^oden upjrights are 
mortised. The frame is covered by wooden planking, cooled 
underneath by a network of brick channels lined with lead. 
On the planking wc sec the lead .saucer of the tower itself ii in. 
high, covered with stoneware slabs. The tower is 8 ft. 2 in. 
wide and 23 ft. high within the lead (this suffices fn* a daily 
make of from 10 to 15 tons Il.SOJ. The lining commences 
with 15-in. brickwork. From this springs a slotted arch, 

levelled at the top, where it has a thicknc.ss of d in. This 

serves as support for six courses of very open brickwork, ;//, 
running in alternate directions (as shown in the drawings) and 
sufficing for the deposition of most oMhe fliie-dust. 'The wide 
spaces between the bricks arc not easily choked up, and, more- 
over, this part of the tower is accessible for cleaning, as it is 
covered by a second arch, //, running in the opposite direction 
to the lower arch.^ Thus the tower can from time to time be 
cleaned out, by means of a .short stoppage, without having to 
remove the whole of the packing, as is usually the case. On 

the second arch begins the proper packing, O, of Lunge- 

Nicdenfiihr bricks, as shown in Figs. 314 to 317 (p. 872), and 
here the lining .soon diminishes to 10 in. This packing occupies 
, a vertical space of 8 ft., and is followed by a lining of 5 in. 
thickness, and 2 ft, 6 in. of packing,/, consisting of specially 
shaped dishe.s. The sectional plan at this level, Fig. 332, .shows 
the way tbere dishes* or cylinders are superpo.scd (similar to 
tho Gay-Lussac, p. 796, Fig. 370). The plan and sections of 
tl>i* top of the tower show the way in which the distribution of 
, ^le acid is effected by means of the circular overflows r, lipped 
spouts s, and hydraulic lute's /. • 

As will be noticed, the d^imensions <yid especially the work- 

‘ Ji p:ipcr by Liity and Nifdenfiihr(.^. Chem,, i(/32,pp. 244 etseq.) 

gives a reduced copy of these drawings. 
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ing-hcight of lb is *010 vci; are much less than was formerly 
assumed to be iieAssary, and this meant less cost. Tins has 
become possible tlirough replacing the old, fortuitoiwly acting 
packings of flints or quartz, and the much too o[)en packing of 
cylinders, etc., by a rationally graduated and systematically 
acting kind of packing, modelled on the (triginal [}rinciple of 
the Lungc-Rohrinann plates, but iivoitling the conditions which 
make these ylates unsuit4ble for Glover towers (p. 8;i), at least 
for tlie pryicipal pi.rt thereof. The splendid results obtained 
with this packing at the six systems working at Oker (p. M/i) 
arc convincing proof of its efficiency. 

Niedenfuiir (Jk P. 1066, of iqog) coo/s the bunier-gsises before 
enteringinto the chambers by utilising their heat for concentrating 
the chamber-acid, or by special purifying devices, and purifies it, 
especially from arsenic, etc., by passing them through washers, 
filters, or the like. The denitration is effected b)- the action of such 
cooled sulphurous acid gases. A pressure generator is arranged 
before a special denitrating device, and between that and that 
part of the plant in which the acid is coneentratedf in order 
to increase the relative efticiency of the denitrator aiul of the 
nitric acid in the ehamber, and for decreasing the (luantity 
of nitric acid necessary for carrying on the reaction. 

A very im})ortant im})rovement .seems to have been effe^ed 
by II. 11 . Niedenfiihr, through his Ger. P. i^o<S25, ab(njt which 
Liity reports at leng^th in Z. Lhcni., 1905, pp. 1255 

of which paper we now give an ab.stract (it is also abstracted in 
Eng. cxnd Min, Jp, 1905, pp. 034-f'35). It is well known to every 
expert that, in order t<j obtain the best results in aeid-making, 
the work in the burners ought to be made independent of that 
in the chambeivS. This could not be pro[)crly dune as long as 
the draught-producer was arranged at the end of the sy.stem ; 
it should be plac^ between the burners and the place where 
the burner-gases are oxidi*sed, beginnitig iv ith the GUwer tower. 
But a great difficulty to contend with in this ca.se is the high 
temperature of the gases and, when burning smalls, the (obstruc- 
tion of the Glover tower by du.st. Korean the draught-producer 
be placed between the GiVVer and fhe first chamber, since the 
nitrous gases w^ould speedily destro)’ any inoii f.m-blast, and 
stoneware fans in tliat pjace are also (*)bjcclionaTle, as' they 
require a higher driving-power and are \cry liable to breakagci 
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When placed behind the last chanjber, thtTan is also easily 
destroyed by the ii 4 troiis ^ases in their/' moist state. This 
objection Id be avoided in those cases where the last portion 
of the chamber-space is replaced by Lun^^e’s plate-towers, which 
depT'ive the gas of most of its moisture, so that the ku\ can be 
placed between the Lunge towers and the Gay-Lussac. These 
lowers alsc; present the best, means tor removing the excess of 
heat, produced by the higher intensity of reaction, by means of 
‘the dilute acid which is run down the towers. d'he Ici^st.practical 
way of getting rid of the heat of the reaction, according to Liity, 
is the [jlacing of cooling-pipes hung up within the chamber 
{vif/c p. 649), nor does he think much of linker’s plan of 
passing the gases from the last chamber through a water- 
cooler. The afore-mentioned improvements have allowed of 
increasing the former normal production of lead-chambers, i.e. 
3 or 4 kg. acid of sp. gr. 1-53 per cubic metre to 6 or 7 kl., of 
course apart from chambers combined with Lunge towers or 
the like. A real increase of that yield is now possible through 
Nictlenfldir’s new invention, the principal feature of which is: 
dividing the functions of the Glover jfpparatus upon two towers, 
and placing the draught-producer between these. The burner- 
gases first pass through a concentrating-Glover, in which they 
giw up most of their heat and are purified from dust, so that 
they cannot any more do any damage to the fan-blast ; the 
lafteiV owing to tHe diminution of the volume of the gases by 
the cooling, has hardly any more work to do than when placed 
behind the chambers. 'I'he purified and cooled gases are forced 
by the fan-blast through the second, the denitrating, Glover 
into the chambers, and ultimately into the Gay-Lussac tower. 
The acid (nitrous vitriol) from the latter serves for feeding the 
denitrating Glover. If the denitration of the nitrous vitriol is 
to be complete, a little steam is introdiv;ed, and so much 
chamber-H^ifl or evei# wJlter is adde^ that the strength of the 
acid feeding the second Glover does not exceed i-6i9, or at 
most 1-65 sp. gr. In that case this acid still holds nitrogen 
““acids to the amount of about 0-2 per cent nitric acid of sp. gr. 
1*33 ; it is now run dowii the firsf concentrating Glover, in 
which it is brought up to sp. gr, 171 to 173 and deprived of 
the Icftjt trac6 of nitro^^in aiids, and^is now employed for serv- 
•ing'the Gay-Lussac towers. 
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This system, m* a plaijt for workiiig-up iS imis p\'riti'S 
(44 per cent. S), \Vhcre the dust-chambers weiv [)rt‘perly 
mana<4ed and a temperature of the q;ases of 400) i*#4eo was 
maintained, before ^they entered int(^ the first (jlovt'r, j^tr- 
mitted of adding in this considerable ipiantities^jf cliambcr 
acid for concentration. 

The following advantages accrue from this wa\ of proceed- 
ing. The wc4i'k of the burners is made indc-pemh ut fiom that 
of the cbWiib^rs ; tlu' latter ma\' be worked with a iniiiiinum of 
draught without any bad influence on the burning work .ind on 
the composition of the burner-gas. Since the biiriuTs ar(‘ 
working with uniform draught, more concentrated burner-gas 
can be obtained, say about 9 per cent. SO..; the exit-gases from 
the Gay-laissac then .show about 4 per cent, oxygen, which is 
quite suflkient. The burners admit of much greater charges 
than formerly admissible, with uniform and ver'^ good results, 
say 0*5 to l-O per cent. S in the cinders. Niedenfuhr’s system 
also admits of combining various kinds of burners, and working 
different descriptions of ore at the .same time. At koirtjaix.c.g., 
he combined for one and ttte same set of chambers three sets of 
burners, one of which was worked with very ba<l blende, con- 
taining 10 per cent, lead, and the other two with [jyrites, now 
and then with addition of galena, without any (hTncnlty in file 
chamber proce.s.s’. Moreover a larger number^of burners canj>e 
charged and stirred up at the same time. 1 here i;, no bkn^iig- 
out of gas from the burners. The chambers can be worked al 
a higher pressure than with the old .system ; the gases are thus 
brought into more intimate contact with one another, the 
formation of sulphuric acid and its separation are hastened. 
A set of tables, given in the original, .slujws that the tempera- 
tures within the chambers .sliow but very slight variations in 
their whole length here give only an abstract of th^ob.serva- 
tions, made in 6 places in set A (a factdty in ITaifte, with 4 
chambers), and 8 places in .set E (in Austria, with 2 chambers; : — 
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These two plants have orclinar^v rectangular chambers, but 
the new system haf also been applied tA Meyer’s tangential 
chamberi- (p. 622), with the same success. 

The work done by this system is very great : from 9 to 
11*5 kl. of ahamber-acid per cubic metre; it is all the better, 
the higher and the narrower the chambers are made. The 
" consumption of nitre in the, factory A, for a prolonged time of 
work, was o-6 to 07 parts nitric acid sp. gr. 1*33, for each 1 00 
parts sulphuric acid sp. gr. 1-53. , , /, 

The excellent results obtained by the application of his 
process to various entirely different systems of chambers have 
caused Nicdenfiihr to apply for a patent for a tower-like shape 
of chambers, in which the gases travel from the top downwards, 
thus producing a more intimate mixture. 

The original paper further gives sketches for a model .set of 
chambers, as planned by Niedenfiihr, which is to combine all 
improvements and to produce sulphuric acid at a lower cost 
than ever possible up to now. 

(In the discussion following the reading of this paper it was 
pointed out that already in 1877 Freiberg factories, and 
later on American factories, worked with fan-blasts placed 
between the burners and the chambers. The novelty in 
Nfedenfuhr’s new .system is the placing of the fans between 
two Glover towers, each of which has its separate function to 
perT^rm.) 

Niedenfuhr’s Ger. P. 207765 proposes carrying out the 
separation of the denitrating and concentrating functions of 
the Glover in the same tower. 

In Z. Cheni., 1908, j)p. 249 cUsa/., Schmidl, who had 

introduced the division of the work of the Glover on two towers, 
as proposed by Nicdenfiihr, reports on the results obtained 
thereby. lie refers to the criticisms i^f that system by 
Ncumani* and othefts, \^hich wc have mentioned on a previous 
occasion {supra, pp. 762 ct scq). In 1 906, as stated by N iedenfiihr 
in Z. angciv. C/uiii., 1906, p. 61, twenty -.eight works had already 
. ^adopted his plan, and others were making preparations for it, 
among them the factory"* manage(f by Schmidl. That factory 
retained tlie nitrous gases^by a Lung^ tower, and after this by 
an ordinary Gay-Lus§ac, the fornjcr having 0 9, the latter 3-1 
* per cent, of the volume of the chambers. By feeding these with 
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150 per cent, of tkc daily ^production of acid at 60 lie., he 
obtains in the Gay-Uiissac an acid containfhg as much ni*^rc as 
corresponds to 2 to 2ji per cent, nitric acid, 36 lie. livtrunninj.^ 
this down the Lunge tower, it comes up to 5.I percent, nitric 
acid, and leaves the tower 59y' to 60 He. strong, lilds nitrous 
vitriol on being passed through the denilrating-Glovcr is always 
completely denitrated, and comes , out at a strength of 57 or 
58'’ Be, The ^ other, the concentrating-Glover, performs the 
concentrt1^i(jn up to, 60 lie., not merely of the nitrous vitriol 
from the Gay-Lussac, but of .so much more chamber-acid, that it 
amounts to 210 per cent, of the dail\- production, d'he burner- 
gases immediately before the Glover 1 . have a temperature of 
500 and upwards; the ga.ses leaving this tower, 1 1 5 to icxD , 
and the)- leave the Glover 1 1 , with about the same temperature; 
that*of the denitrated acid flowing out of this is 100 C. In 
this' tower about 14 per cent, of the total production of acid 
takes place. d'I\e chambers at that works produce 7 kl. acid of 
50 He. per cubic metre, but would easily furnish 8 or 9 kl. 
if so much was needed, and in this case the Glover J. would 
also concentrate even more chamber-acid, since it would receive 
hotter gases. Schmidl further j)oints out that Petersen (see 
p. 888), who works with blende, employs practically the same 
apparatus as Niedenfuhr, and in reality gets no higher results 
than this, 

Petersen {ibttL, p. 1235) makes some remarks on ScluiTidVs 
paper. Schmidl replies, ibid., j). 145^. P'urthcr remarks are 
made by Neumann {ibid., p. 1746), Schliebs and Schmidl 
(p. 1747), none of them of any practical importance. 

Nemes {Z. angciv. QJuiu., 191 1, p. 392) says that Nicdcnfiihr 
himself had abandoned the application of two Glovers, as the 
division of the functions caused bad denitrification and bad 
concentration [?]. A reply to him was made by Petersen 
pp. 877 and I 5 I i). • • *• 

M<:mard-Dcz (PT. P. 354073 ; / ^ 905 , 

p. 1066) places behind the dust-chamber, first, a packed tower 
in which the gases are washed by sulphuric acid and cooled to 
a temperature not exceeding 500 The products of the 
decomposition of sodium nitrate are introduced eithc*r before or 
behind that tower. Thc*n follows .second packcTl towet in 

which dilute sulphuric acid is concentrated by the heat of tfie 

1 r 

0 ^ 
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gases, and 'these are now passed through series of cylinders, 
packed with copper.^urnings, or with an oxide copper ore ; the 
solution f of cupric sulphate, here formed, is withdrawn for 
crystallisation. I’rom here the gases pass into ordinary lead- 
chambers, ^nd at last, in lieu of a Gay-Lussac tower, through 
packed cylinders, where the residual nitrous compounds are 
converted into nitric acid by means of air and water. 

Petersen (Z. afigriV. Cliem.^ I 907 » P- 1 102 ; B. P. 27738, 
of 1906; Ger. P.s. 208028, 219829) effects an increas'^d supply 
of nitre, as required for “intense” production *(p. 639), by 
erecting a second set of Glover and Gay-Lussac towers, separate 
from the ordinary set, and fed with rather weaker acids than 
the usual strength, say 54 to 58 Be., so that it can still in the 
Gay-Lussac absorb the nitrous gases, but gives them up again 
in the Glover to SO.^ without the necessity of any dilution or 
of the employment of particularly high temperatures. The 
nitrous vitriol coming out of this tower is denitrated by itself. 
The whole arrangement thus consi.sts of the following parts : — 

(1) Glover tower, fed with nitrous vitriol 60' Be. and dilute acid ; 

(2) denitrating tower with nitrous , vitriol of the second Gay- 
Lussac, 54 to 58'^ Be. ; (3) lead chambers ; (4) Gay-Lussac of 
the second .system fed with Glover acid 54’ to 58'' ; (5) Gay- 
Lnssac of the first system, fed with Glover ^acid 6o‘ Be. ; 
(6) regulator. This is a very important apparatus, consisting 
of a, tower fed with cold nitrous vitriol 55' Be., which constantly 
circulates in this tower. It prevents any disturbance in the 
'Gay-Lus.sac, as it keeps out the agents preventing the forma- 
tion of the nitrous vitriol, viz. SO.j, steam and heat. The 
author discus.ses this at length, but we must refer the reader 
to the original. According to his Ger. Ps. 225196 and 225197, 
Glover acid of 57' Be. is run through the outer Glover, where it 
gets up to 60', and is now used for absorbing nitrogen oxides 
in the inner Gay-Lpsstc. The nitrous vuriol, here produced, 
goes to the inner Glover, where it goes down to 57' by the 
aqueous vapour coming from the first tower, and is used for 
feeding the outer Gay-Lussac. Or else the nitrous vitriol from 

“both Gay-Lussacs is denkrated in the same Glover, and the first 
Gay-Lussac is fed with chamber-acid. 

Petersen’s Ger. *'P^ 2£5i98 deseVibes a special way of 
denitrating the acids, obtained in two . separate Gay-Lussac 
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towers, by means o/ somewhat less concentrated acid, obtained 
in one of the Glov«.rs. According to hiif Ger. P. 2:6703, the 
gases in the absorbing apparatus are treated v^ith acid, 
previously brought into contact with nitrogen oxides for the 
purpose of oxidising any metallic proto-salt present. In c*ase 
of using three Gay-Lussac towers, the acid coming from the 
second tower is pumped on to the third tower, and from this on 
to the first tower, which is placed just behind the chamber. Or 
else the J^^s^es and tjic acid in the last Gay-Lussac are passetl * 
through in the same direction, or the oxidation is performed by 
adding to the fresh Glovcr-acid part of the nitrous vitrit)! 
coming from the first Gay-Lussac. 

Olga Niedenfiihr (Ger. P. 207760) also divides the tilover 
into two .separate apparatus, viz., a cooler and a denitrat(.)r> 
The* acid coming out of the latter is almost completely 
denitrated, and is hot enough to be concentrated to 60 lie. b)' 
the burner-gase.'^. On the other hand, in tlie upper, the 
denitrating space, excessive heating and con.se(]ucnt loss of 
nitre is avoided. Her Ger. P. 206877 provides a cooling passage 
half-way up the tower, whkh receives the rising vapours and 
returns the conden.sed liquid by means of sjiecial tubes. 

Klencke (Ger. P. 219400) avoids the trouble cau.sed in 
Glover towers by the presence of fluorine in the gases, which 
act upon the packing, by previous cooling in an empty tower, 
whereupon they go into a tower fed with dilute acid, andnhen 
into another tower pi^ovided with lead shelves. 

Vender (Aus. P. 43749) denitrates nitrous vitriol by meam> 
of the hot gases, resulting in the combustion of atmospheric 
nitrogen. ^ 

Position of the Glover Tower. 

At most works, q^ite properly, the Gay-Lussac and Glover 
towers arc erected side by #ide, so thatHlu^r tops a fc accessible 
by a common staircase, and even on the same level (in which 
case the Glover towers, being much lower, must stand on a 
higher foundation than flie Gay-Lussac towers). It is unneces- 
sary to point out how much the supervision of the work, the* 
feeding of the towers, etc., is .simplified by this plan. The 
position of the Glover to\v*ers being ^ivei> between The buitiers 
and the first chamber, it follows that the Gay-Lu.ssac is at the - 
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greatest possible distance from thcj last chamber with which it 
is connected ; but this is all the better, as^the gases have more 
time to (Dol and get dried in the long connecting-pipe. It is 
also an advantage that the nitrous vitriol has not to run very 
far* as it sometimes contains gas (NO), which impedes its free 
running. As a long pipe increases the friction of the gaseous 
current, it mostly involves providing chimney-draught or else a 
fan-blast for the chambers, which is certainly the, best plan for 
all reasons (p. 753). , » / 


Workiui:; of the Glover Tower, 

The Glover tower may be operated with only the nitrous 
vitriol itself running down in it, without any chamber-acid ; but 
in that case it docs not deprive the acid of all the nilVous 
compounds, but of the principal part only (down to about 0-2 
per cent, of N.A,), and at the same time concentrates it to 
152 Tw. This acid may now be used again in the Gay-Lussac 
tower for absorption ; and thus a circulation of acid may take 
place between the two towers. There is in this process always 
a certain addition to the acid, as within the Glover tower 
itself, by the action of the sulphuric dioxide on the nitro- 
sulphonic acid, free sulphuric acid is formed, as described on 
pp. 897 et seq. 

However, the'’Glover tower is not usually fed (in the way 
just mentioned) with nitrous vitriol alone, except in the case of 
temporary disturbances. The apparatus is mostly so arranged 
as to be fed with a mixture of nitrous vitriol (or fresh nitric 
aeii() and chamber-acid^ in which case not; only is the denitration 
completed, owing to the initial dilution, but a very acceptable 
secondary effect is obtained, viz., concentrating the chamber- 
acid up to 152' Tw., and depriving it als<^ of the minute pro- 
portion of iVitre which it'generally cbiitains."^ If the acid is not, 
as is usual in England, brought in the chambers themselves to 
1 16" to 124", but only to 106" Tw., it can still be concentrated- to 
144' without any difficulty in the Glover tower, even when the 
‘gas comes 'from a shelf-burner for pyrites- smalls and has 
therefore to be somewhat cooled in dust-chambers, on the 
supfiOsition‘that the'tow-er is placed close to the burners. That 
* the denitration by sulphur dioxide becomes more perfect by 
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dilution is a mattw of coujsc, according to the above-quoted 
researches of R. VVeLer, Ci. Winkler, and nfy own. 

Where the leading-chamber makes very strong a#id, which 
does not sufficiently dilute the nitrous vitriol, the Cilovcr tower 
produces too strong an acid, which is incompletel)! denitrated 
and would injure the stability of the tower unless a little water 
is run down at the same time. 

The streaq;! of nitrous ^vitriol and that of chamber-acid arc 
regulatec\^ifirely jccording to the degree of denitration and 
of concentration shown by the acid running off at the bottom of 
the Glover tower. The more chamber-acid is run through (that 
is to say, the greater the dilution), the easier will be a full 
denitration ; the less chambcr-acid is used, the more concen- 
trated will the acid arrive below. There is, however,, no 
difficulty in attaining both objects, viz,, to get an acid com- 
pletely denitrated and yet testing 152 Tw., if good pyrites be 
burnt, and if the burner-gas be employed as hot as j)ossible, say 
300 C. and upwards, by placing the tower close to the burners. 
In the ca.se of poor ores or of smalls-burners with lai»ge dust- 
chambers, the denitrating attion will also be C()mpletc ; but the 
concentration cannot then be carried so far. 

If it be assumed that the Gay-Lussac tower receives a 
quantity of acid equal to the total daily production, there wTill, 
of course, be just the same quantity of running down tjic 

Glover tower in the shape of chamber-acid, together with the 
nitrous vitriol, and ttiercforc, according to bulk and weight, a 
little more of the chamber-acid, as this is more diluted. If the 
chamber-acid is on an average =123 Tw., equal to 70 per cent. 
SO^H.„ 1 17 parts by weight of the same correspond to 100 parts 
by weight of an acid of 152 ’ Tw., = 817 per cent. S(),jlL; or 
100 voLs. of the latter are equal to 128 vols. of the 123 acid, and 
the latter would be^/he proportion in which the two acids arc 
mixed. The result would *be a mixture acids bf»i3ry Tw. 
entering the Glover tower at the top, which can be fully 
denitrated by sulphur jdioxide, e.spccially when hot. If less 
Gay-Lussac acid has been used than the above, the mixture of 
acids entering the Glover *tower will show a lower specific 
gravity than 136'' Tw.^ and will ^ be all the more easily 
denitrated. , ' 

During the first years of the working of the Glover tower it • 



892 RECOVERY OF THE NITROGEN COMPOUNDS 

f 

was generally assumed that the acids mns\ vnly be mixed inside 
the tower, because cfuring their mixture nitric oxide would be 
given oflV On this principle was founded the mixing-apparatus 
described by me in my first publication on the Glover tower (in 
Diny;i polji. /., cci. p. 348), and the distributing-wheels with 
double outlet and separate distributing-chambers and pipes. 
But it follows from the calcvdation just made that a mixture of 
e(iual parts of acids, when chamber-acid of 123° Tw. is used and 
the daily make of acid is passed through the Gay^h iv'fsac tower 
once a day, would be equal to 136' Tw. In an acid of this 
strength nitrososulphuric acid is sufficiently stable, at least at 
the ordinary temperature; and it is possible, and has been done 
in many places for years past, to mix the two acids before they 
enter the Glover tower, which greatly simplifies the distributing- 
apparatus. Even when only one-half of the total daily ma 1 <e of 
acid is used for absorbing, the mixture of this with the total 
chamber-acid still comes to 131'' Tw., which is equally a safe 
strength, If, however, the conditions are more unfavourable in 
this respect, the dilution can no longer take place outside the 
tower, if, for in.stancc, the chamber-heid is only 106" Tw. strong, 
1 31 parts by weight of it correspond to 100 parts of acid of 152'’; 
and if of the latter only half the equivalent is taken (that is to 
saj^, 100 parts by weight of acid of 152 ' Tw. to 262 parts of 106"), 
the density of the mixture only comes to 1 18", at which strength 
nitric oxide begins to escape from a solution pretty rich in 
^nitrososulphuric acid ; but the above is an extreme case which 
rarely happens. 

In these calculations the degree of .saturation of the vitriol 
with nitrous compounds is not yet taken into account; the less 
the amount of acid used every day in the Gay-Lussac tower, the 
more will it be .saturated with nitre, and there will be more 
danger of gas escaping from the nitrous vV;^iol when mixing it 
with chaMoer-acid. 

The temperature of the acid running off from the Glover 
tower is usually between 120° and 130° C. (At Stolberg, in 
^ 1902, it was usually 120^^ exceptionally up to 135^ the gases 
entering into the tower at 300", sometimes up to 400 .) If the 
work is vefy much pushed, it may reqeh 140° or even 150''. In 
theVew works where 'this happens, no bad con.sequences have 
‘ been observed ; but in one works I was told that a little more 
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nitre was always wished whcjicvei'^ the acid became hotter than 
138" C. Still the ol*scrvations made therc'werenot suffici^'nt to 
establish this result as certain, if all disturbing coUilitions be 
eliminated. The gas leaviu" the tower at the to[) has generally 
a temperature of from 50' to 80 C. (at Stolberg J'wni 80* to 
120"^) ; it should not be above 60 , at whicli temperature cooling 
it before it enters the chambers is quite unnecessary. 

Hegeler jyid Heinz (I7. W 341257) work theCdover tower in 
such a i\^g^er thaWit acts as a produicv of sulphuric acid f rout 
top to bottom ; furnishing hot conccntralt'd acid, the\’ protect the 
sides of the tower against an attack by lowering the temperature 
of the bottom part, b’or this purpose they inject part of the 
nitrous gases by, means of a fan-blast into the burner-gases 
before entering the Glover tower. They assert that in this way 
they get the Glover acid up to 170' Tw. 1 'he same inventors 
(Ger, P. 184959) introdiK'e part of the gases, coming out of the 
top of the (ilover tower, again into it at the bottom, by means 
of a special pipe, provided with an arrangement for propHling 
the gases. This process intends a better utilisatic^n of the 
nitrogen compounds and if reduction of the chamber-space by 
the more intimate mi.xture of the gases, and it prevents an 
excessive heating of the bottom part of the tower. The nitrous 
compounds thus pass several times through the tower amUare 
more thoroughly utilised for the production of sulphuric acid, 
before they pass into the first chamber. * ' 

(ilover Towers connected with Dust-Turtters.— Owi: of Jk)rlc’s 
towers, working with flust-burners, bad to receive the burne?-- 
gas after passing through a large dust-chamber. The gas, 
therefore, only rcacluvi the tower 152" to 180 C. hot; and the 
temperature on leaving it varied between 3^^ ^’^d 40 C-. 1 he 

hot acid running off showed between 96 and 1 10 C. When 
this tower was only employed for concentrating chamber-acid, 
it daily evaporated 6 tons*of water anfi produced 2*tgns 3^ cwt. 
acid of 144" Tw. from chamber-acid of 1 16\ This corresponds 
to a saving of coals for chamber-steam ecjual to cwt. per 
diem. When the tower was employed both for concentrating 
and denitrating, it supplieefdaily on'an average i tons of aciS 
of 144° Tw., and evaporated 9 cwL of water; the; denitration 
was perfect. The kiln- g*as contained! 7jr per cent. V volume of 
sulphur dioxide. Of course the above results arc much less* 
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favourable than with the usuiil initial temficraturc of 300'' to 
400" C. Even in tke latter case the tenj^perature of the gas 
leaving tl^e tower does not exceed 50 ' to 60" C. Such a hotter 
tower of (S-28 sq m. section, according to Vorster {Ding!, polyt, 

‘ccxiii. p, 411), in twenty-four ' hours evaporated 1400 kg. 
water; another tower of 4-55 sq.m, section, 1048 kg. water, 
the kiln-gas containing 8 3)cr cent, by volume of sulphur 
dioxide. 

Even when in Hode’s Glover tower, hy an a(;'p^^ient, the 
percentage of the kiln-gas had gone down to 6 or 5 per cent, 
of sulphur dioxide, there w'as .still complete denitration and an 
evaporation of 7 cwt. of water daily, equal to 17 ton of acid of 
144" Tw. Hode calculates from this that even when calcining 
the poorest ores the Glover tower still remains a useful 
apparatus. 

Ha.scnclever reported as early as 1872 (/Av'., 1872, p. 506) 
that the Glover tower had been successful in combination 
with his plate-burners; I have found the same in combination 
with Maletra’s or other shelf-burners in a large number of 
works, at all of which, of course, thcro were dust-chambers. 

At those works where sulphuric acid is made from brivistonc^ 
Glover towers arc not so regularly employed as with pyrites- 
bueners. The reason of this cannot be insufficient heat of the 
gases, as is proved by the practice of several large works where 
the* Glover tower^ work perfectly well with brimstone-burners, 
and show all the advantages found elsewhere. Sometimes it is 
.'fsserted that the higher value of brimstone acid as against 
pyrites acid is impaired by iron carried into it from the Glover 
tower; but this cannot take place except with an inferior 
description of packing material, and it is entirely avoided by 
confining the work of the tower to denitrating the nitrous 
vitriol, and taking the sale-acid from the chambers or from lead 
pans put qycr the bur^ierS. The real* rea.son for the comparative 
neglect of the Glover tower at brimstone-acid works is this, that 
many of these works are of small extent and cheaply laid out, 
and are managed with insufficient care, so that their owners 
Would rather *iose nitre and sulphur* than incur the expense of 
erecting and the trouble of working Glover towens. At several 
large*- Amerfcan work.sv I found Glover towers working most 
.satisfactorily with brimstone burners. In these cases the heat 
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of the gases was utilise^d for ‘concentrating chamber-acid up 
to 140” Tw., or e^n (in II. Glover’s sulphur-biirner, SNpn), 
p. 403) to 168’ Tw., after which the gases entered trfie Glover 
tower and there produced acjd of 150 Tw., with a temperature 
of from 126' to 130* C., sufficient in quantity for amply supply- 
ing the Gay-Lussac tower. 

At larger works, possessing a pumber of Glover towers, it is 
a frequent and convenieiA arrangement to \<'ork iJicm /// (hfjorotit ^ 
ivays, vi^^artly fojj making acid for the Gay-Lussac towers and 
partly for ^ncentrating acid for the saltcake-pans. 1 he first 
should be as strong as possible, and need not be entirely 
denitrated ; it can be obtained in this state by feeding but 
little chamber-acid along with the nitrous vitriol. There is 
thus a constant interchange of acids between the two kinds of 
tow^ers ; but the Glover tower makes a good deal of fresh acid, 
so that part of it mu.st at all events be employed for other 
purposes. 

The acid for decomposing salt, or for sale, etc., on the other 
hand, should be entirely denitrated, and need not be #50 strong 
as the former ; for this pui^ose much more chamber-acid is fed 
along with the nitrous vitriol. 

We have already (p. 85S) pointed out the various fnuctiotis 
which are fulfilled by the Glover tower. The object for which 
it was first constructed, the denitration oj the nitrous vitrnd^ that 
is the recovery of the “nitre” from this and the re.storation of it 
to the chambers, is carried out by this means in the most perfect 
way and without any trouble. It is easy to work it .so that the 
acid at the bottom contains even a slight cxce.ss of S(L (which 
is compatible with a. very slight percentage of N/J,); nor is 
there any very high temperature required for it, especially when 
the nitrous vitriol is diluted with chamber-acid. In fact at some 
works the heat o^he pyrites-kilns or the sulphur-burners is 
prcvlou.sly utili.sed for concentrating tffe acid, and iRoiga.ses only 
then enter into the tower, where they [jcrform the work of 
denitration, together with some little concentration, and arc 
cooled down to the proper temperature for entering into the 
chambers. This plan is Especially recommended for works 
where much acid is sold or is further concentrated to^‘* rectified oil 
of vitriol,” for which purpo.s^ the acid concentrated in the Glover 
tower is too impure (see below). This case also arises wheif 
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burning arsenical ores, where tlic "3scs, in Uvder to deposit the 
large quantity of flhe-diist, have to pass ^very long channels 
(pp. 545 ft seq). 

That the fear of losing any ni.tre in tl]e Glover tower by 
reduction tc:^ nitrous oxide or nitrogen is totally unfounded, has 
been proved before (pp. S54 et scq.). Far less nitre is consumed 
in the manufacture of sulphuric acid than before the introduction 
of the Glover tower ; and the change has in mos^t cases been 
so sudden that it .seems impossible to overlook this-ev>itlence. 

The second principal function of the Glover tower is that of 
chamber-acid, which is intimately connected with 
two other functions : cooling tJic gases and supplying part of the 
stcani for the chambers. The concentrating action of the Glover 
tower was first studied in detail by Vorster {Dingl. poly^. J.y 
ccxiii. p. 413), but he neglected the acid brought over with the 
burner-gas as SQ.^ and that formed within the tower itself, 
both these .sources have been taken into account in the inves- 
tigation of Scheurcr-Kestner {Bull. Soc. Clicm., xliv. p. 98). 
ITom hi**, analy.ses of burner-gases it appeared that these 
contained up to 9 parts of SO.5 to foo S(X; the average was 
about 3-5 part.s. As there is enough water even in the air and 
the pyrites to hydrate the SO-p it is sure to be retjfined in the 
Gldver tower. He further shows the mistakes committed by 

Vonstcr in his calculations, from which the latter had con- 

• € 

eluded that very little acid was newly formed in the tower ; and 
he opposes to this not merely the practical experience, accord- 
ing to which the introduction of a Glover tower saves from 
TO to 20 per cent, of chamber-space, but also .some special large- 
scale experiments made with an actual* tower at the Thann 
acid-works, by carefully measuring for some weeks the excess 
of acid coming out from the tower over that going in. Thus it 
was found that the Glover towers made 15- Vo 16-3 per cent, of 
all the acid produced«in fhe manufacturing apparatus. To this 
should be added the acid volatilised or mechanically carried 
away from the towers into the chambers, which was (only 
partially) estimated by measuring that which condensed in the 
connecting-pipes, and which amounted to 2 or 2 \ per cent, of 
the total make, bringing thf action of tjie towers to 17 or 19 per 
cent.*' This was entirely proved b^ the result of prolonged, 
^'working on the large scale; for the same .set of chambers which 
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had previously made 6 tong of (*).V. in twenty-four hours, made 
7-28 tons, or 17-5 ^cr cent, more, after a^'idini^ a Glover tower 
to the apparatus. • 

Hence the concentration observed in the Glover tower is to 
a great extent only an apparent one ; it is noti merely*diie 
to volatilisation of water, although this also takes place to 
a considerable extent, but also t^^ the formation of very much ‘ 
H2SOJ, whic^i dissolves ii; the acid used for feeding and rai.ses 
its streir^jW^ • 

In a previousl)' quoted paper {Jhdl. S<>('. I mi. MulJiousc, iS 8 (), 
p. 267; abstracted by me in a}if:;cw. Clitin., 1SS9, p. 275) 
Sorel has tried to follow the functions of a Glover tower, so 
far as they refer to t\\c ion of fresh sufhurio noid, by 

elaborate calculations. We must omit the greater part of these, 
as lie at the outset commits several grave errors which ihodif}’ 
.some of his figures to the extent of four or five times the real 
values. This refers especially to Sorel’s calculation of the 
number of times the nitrous gases enter into reaction during 
their passage through the Glover tower, and the tim4' occupied 
by each such reaction ; w't shall, therefore, substitute for these 
a new calculation, based on the figures to be given later on, 
indicating the real quantities of nitre sup])lied to the tower 
in one shape or another at a well-managed works. We may 
assume that for each 100 jjarts of sulphur burnt in twenty-four 
hours there is in ordinary cases supplied to* the chambers the 
equivalent of 10-25 parts of commercial nitrate, of which about 
5 =7.32 parts are in the shape of nitrous vitriol, and 
parts in that of fresh nitric acid. These would yield the follow 
ing quantities of oxygen for each ton, sa\- kkio kg., of sulphu 
burnt, on being reduced to nitric oxide ; 

73-2 kl. 96 per cent, nitrate as 

nitrousVitriol yield jj oxygen. 

29-3 kl. ditto as nitric acid yield 3 x -4 x 9 f> ^ 

Total 14-43 

Now each 16 parts of oxygen oxidf.^^ 32 parts of sulphur, 
entering the tower in the .shape of SO.,, to Ib^SO^. Hencg 
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the above 14 43 kl. of nitric oxygen >vill produce sulphuric acid 
from 28-83 of sulphtir, if its action is exerted only once. In 
reality, ho/A'ever, up to 250 of the total 1000 S are converted 
into H.,SO^ within the tower, which certainly includes the SO., 
carried over, from the kilns ; but as this on an average does 
not exceed 3-5 per cent, of the total S, we shall be safe in 
assuming that 200 kl. S, as SO.,, are actually oxidised within 
the tower, so that 200 — 28-8— 171*2 kl. of S have bjeen oxidised 
by renewed action of the nitrous gases. Considc]j,’;i^ further 
that the nitric acid is reduced to NO, and that in the further 
reactions this transfers upon SO., only as much oxygen as its 
equivalent of nitrous vitriol, the total oxygen transferable by 
each single action of the nitre present is only 6-6i +2-21 --8-82 
kl., equivalent to forming sulphuric acid from I7’64 kl. sulphur. 

There must, hence, have been roundly speaking, 

subst'(]itc)/t transfers of oxygen upon SO.^ within the Glover tower 
after the first action of the nitre introduced. 

We c?n also calculate the time occupied by each such 
transfer. The cubic contents of an ordinary Glover tower, 
counting the space within the lining from the surface of the 
grate to the top, varies from 180 to at most 300 cub. ft. per 
ton of sulphur burnt in twenty-four hours. If we take the 
very usual capacity of 200 cub. ft, and deduct 50 per cent 
for the packing (which is probably below the truth), and if we 
further a.ssume that the denitration is practically complete half- 
way down the tower (which is decidedly allowable), we 

get “ = 50 cub. ft. as the real empty space within which 

4 * 

the acid-forming reactions take place, or slightly under 1*5 cb.m. 
Now the volume of gases given off by the combustion of looo 
kl. of pyrites-sulphur in a properly conducted operation is, 
as shown p. 559, about 8144*’ cb.m., calculated for 0° 
and 760 mm. pressure. From this we must make a slight 
deduction for the gases taken out by the formation of H.2SO4, 
say, up to the middle of the denitrating zone, equal to one- 
t&nth of the t(5tal SO., = 7oCb.m.,ancrthc corresponding quantity 
of oxygen, equal to 35 cb.m., leaving ^039 cb.m, at o" and 760 
mm. pressure* or, roundly 8000 cb.m.^ As the average tempera- 
ture of the denitrating zone is about 90^ C., the above quantity 
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of gases in realit.}* occupies a ‘space of about io,7(X) cb.m,, 

or 1?*?^ = / 107 tunes the active space, tfiat is the deni' rating 
^‘5 • 

zone, of the Glover tower. Hence the sojourn of the gases 

'^4 ^ y * 

within that space is , or as nearly as po.?sible twelve 


second.s. lUit wc have seen tha^ there are eleven successive 
actions of the nitrous gases upon SCX within the tower, so that 
each oPtlj^, coi'^isting, according to the older theories, of 
an oxidation and a reduction, or, according to the modern 
theory to be developed in the next Chapter, of .the formation 
and decomposition of nitrososulphuric acid, cannot require much 
more time than one .second. 

We may draw another important inference from the 
estSblished facts. The usual allowance of chamber-space [)er 
Ib. of sulphur burnt in twenty-four hours is 20 cub. ft., or ,).4,Soo 
cub. ft per ton of sulphur. Of this ton, onc-hfth is oxidised 
into sulphuric acid in the Glover tower, leaving four-fifths for 
the charnber.s. This means that 50 cub. ft. of acti^^ Ghiver- 
tower space, as defined above, make acid from 0 2 ton of 
sulphur, or i ton of sulphur here requires 250 cub. ft,, whilst 
44,«Soo cub. ft of chamber-space make acid from o*8 ton of 
sulphur, or i ton in this case requires 56,000 cub, ft. In o 4 her 
words : //h' daiitratiu}^ zone of the H lover tower makes more than 
200 times jnore acid than an equal eube of thfmber- space, •!! we 
take the minimum^ chamber-space allowed at most English 
or German alkali-works, viz., 16 cub. ft per lb. of sulphur^ 
35,840 cub. ft per ton, this still means 44,800 cub. ft. for the 
acid really madevvithyi the chambers, or onl)' , L. the activity 
of the Glover tower. ^ 

Raschig {Z. an/^eiv. them., 1909, p. 1183^ confirms my 
estimate of the share of the ordinary Glover tower in the 
production of sulj5huric i/bid, and qiToteii results^ojptained by 
Quincke at Leverkusen to the same purpo.se. 

We shall now better understand why I recommend replacing 
a large portion of the chamber-space by columns acting in a 
similarly energetic way as Glover toA'ers (pp. 657 *c/ seq.). 


' These calculations arc, more correct than Jlhose I li:^?c j^iven in llu 
Z. angew. Chem.^ 1889, p. 38S, pn the basis of Sorcl’s somewhat diubtfu 
data and altogether wrong calculations. 
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DOO RECOVERY OF THE NITROGEN COMPOUNDS 

This enormous action of the Glover towqr is explicable on 
the assumption that the nitric oxide set fre^ in the lower parts 
of the den^trating zone, according to the equation 
2 SO,N 1 1 SO., + 2 1 1,0 - 3S( ), li , + 2 NO, 
is fixed agahi in the upper parts by the reaction : 

2 NO 4 - 2SO, + 1 1,0 + 3( ) -- 2S( ),NH ; 

the nitrososulphuric acid thus re-formed on descending into 
the lower regions is denitrated again, and ^he nO, thus flying 
backwards and forwards, incessantly and quick'Ty transfers 
oxygen upon the sulphur dioxide arriving in the shape of 
burner-gas. This action, which of course e(|ually takes place 
in the chambers, is in the Glover tower immensely aided by 
the continuous mixture of the gases and their constant shocks 
against surfaces wetted with nitrous vitriol. The very Irfrge 
amount of heat produced by the chemical reactions cannot give 
rise to any considerable elevation of temperature, as the heat 
is expended in evaporating water from the acid trickling down, 
and conceiitrating this acid, as already pointed out. 

If the tower be too high, and if .the top be kept too cool 
(which will depend upon the former), much less than the above 
calculated work will be done in it. In this case there will be 
a considerable condensation of the steam, generated below, in 
the upper region of the tower ; this will facilitate the denitration 
near the top itself, 'and the NO here generated will be carried 
over into the chamber without performing the above-described 
multiple work. Experience has indeed long ago shown that 
Glover towers ought not to exceed a certain height (25 or at 
most 30 ft., cf, p. 877) to do the best possible work, both for 
evaporation and for forming new acid. But Sorcl, in my 
opinion, goes very much too far in advising that the Glover 
towers should be kept as hot as possible, and should be fed with 
as concentjavcd an r^cid*as possible. He ‘looks at one side 
of the question only, and that decidedly the less important one, 
viz., that there should be as great a production of acid as 
possible within the Glover tower, by ‘retaining the nitrous 
compounds within it a very long time. He neglects two other 
considerations of much greater importance : that by his mode 
of cosiductin^ the prt^^ess* the denitfating work is greatly 
ynpaired, so that the acid issuing at the bottom carries away 
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very sensible quanJiJties of nitre, and that by the [;Veat heat ot 
the gases and the cqficentratiqn of the acid, the life uf the tower 
is very much shortened. Sorel’s plan interferes both with the 
complete denitration of the nitrous vitriol, and also with the 
important action of the Glovbr tower for bringing tlje chamber- 
acid just up to the strength required for decomfxising salt, etc. 
(say 140"’ to 145 ' Tw.}, merely in order to force rather more SO.^ 
through the chambers than they can otherwise manage to 
oxidise; but Vns object 'does not seem worth incurring the 
serious di^\f6acks just mentioned. 

In order to make the burner-gases enter into the Glover 
tower at a tempevature, Hartmann 6s: Hcnker (hr. \\ 10703) 
employ a relatively small dust-chamber, witi\ a grid chargctl 
with broken bricks, pumice, or the like, through which the 
burfler-gases travel from the top downwards. When the 
purifying material has become u.seless, it is removed by an 
opening below the grid, provided with a damper, without 
interrupting the process. 

The United Alkali Co. (B. P. 1746, of kjo;) arrani^e for the 
same purpose, in the dues leading to the Glover, plates charged 
with electricity, which retain the flue-dust and other impurities ; 
these are from time to time removed. 

Olga Niedenfiihr (Gcr. P. 206S77) cools the gases in ihc 
middle part of the tower by means of cooling-pipes arranged 
about half-way up the tower, without at the ^imc time cryjling 
the acid running do\v*n. 

An interesting application of the Glover tower is that fof 
utilising the nitrogen acids remaining in the riw.sVc acid frmn tiu 
manufacture of nitrobenzene and nitroglyecnnc ; these are used 
in some works for running down in the (Bover tower. 

The following drawbacks are connected with the Glovet 
tower, the first of which is, however, only temporary, and nuicl: 
less felt where therft is no toke-packing in^thc Glower, but only 
in the Gay-Lussac tower. This coke communicates to the 
acid, especially at the beginning, a brown colour (due to organic 
substances), which is qdite immaterial to its technical applica- 
tion, but injures its sale. After a little time thi.‘f ceases, and 
the acid running away from the Glover tower is then as cleai 
as water, and, on account of its string #'t?fraction bf light »anc: 
oily appearance, is cogupareS by the workmen to “ gin.” 
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The contamination with i}i)n is permanant, and is somewhat 
stronger than in acid made from the samei pyrites in ordinary 
chambers^ simply because the tower at the same time serves for 
keeping back the flue-dust. According to 1 lasenclever, his 
Gl0vcr-tow(^r acid contained 0-05 per cent, of iron {Bed. Ber.y 
1872, p. 506). 

Besides iron, the Glover-tower acid frequently contains 
considerable quantities of almuina^ of course in proportion to 
the resistance of the lining and packing-m^terial^tq ^the action 
of the acid, and also of arsenic. 

The flue-dust and the sulphates of iron and alumina are 
often formed in such large quantities within the tower that it 
cannot be worked for any considerable time without being 
washed down occasional!)' by a strong jet of water. lUit in the 
long run this is not sufficient; the interstices get filled up with 
hard crusts, and the tower must be stopped for repacking, 
which is a very troublesome and expensive operation. It is 
hence advisable to go to some extra expense for the best 
obtainable lining and packing-material. 

Where the (jlover-tower acid is* only used, apart from the 
service of the Gay-Lussac tower, for decomposing salt, for 
manufacturing manure, and for many other purposes, its 
impurities are of no consequence. But it cannot be used for 
such purposes where those impurities would be troublesome, 
and especially not for higher concentration to “ rectified O.V.” 
in gla.ss or platinum retorts, as then hard adhering crusts of 
ferric sulphate are formed. Even then the use of a Glover 
tower need not be relinquished, but it must be either treated 
only as a denitrator, the heat of th^ burner-gases being 
previously utilised for concentrating acid {cf. pp. 439 and 542 
and Chapter IX.), or else the acid required for the manufacture 
of rectified O.V. and similar purpo.ses is taken out of the first 
chamber N^ilKiout pas^iing it through The tower. 

With Glover towers constructed on the Herreshoff system 
(p. 867), that is, with quartz lining and quartz packing, there is 
no alumina in the Glover acid, but the iron and arsenic derived 
from the flife-dust still remain impurities, so that there 
cannot be jnuch difference as regards the crirsts formed in 
platmum stifls. ‘ « 

' An interesting application of the Glsver tower is that for 



denitration 


9o;i 


utilising the waste atids fnwj the hauufacture of nitrolh'ti.it'uc and 
nitroglycerine. At ^he SchuiK‘bcck worksfand in mail)' other 
places, these acids are run down in the Glover ioweg anti are 
thereby denitrated. 

Denitration by Other Means, 

The proposal of Garroway (IV 1673, ^>1 tt) effect 

the denitratit^i and concentration of the acid without a (ilover 
tower, by^«g;mns stoneware vessels placed in the gas- Hue 
between the burners and the first cliamber, seems to offer ver\' 
little prospect of success. 

Windus (B. P. 36;, of 1882) proposes, instead of denitrating 
the nitrous vitriol in Glover towers, to do this by agitating it 
within the chambers, and promoting the disengagement of the 
gases by producing a vacuum. The agitation is to be produced 
by mechanical mcams, or by allowing thin jets of acid to fall 
into the acid at the bottom of the chamber. It is unnecessary 
to point out the impossibility of denitration by this procedure. 

Der Norske Akt. f. Elektrokemisk Ind. and Halvorsen 
(Er. P. 363157) dissolve nftrous vitriol in an excess of strong' 
sulphuric acid, add a little water and an oxidiser, such as MnO., 
PbO.^, CrO.,,, or a chromate. The product is distilled in iron 
retorts, to obtain nitric acid, and the residue electrolysed* to 
recover the oxidiser, thus : 

6n._,0 2C’rO, i- 3H ,S( ), 1 3I I ,. 

Salessky (Ik P. 20131, of 1910; Ger. P. 232570; Er. P. 
419609; Swiss P. 52712) states that the denitrating process in 
the Glover tower is ncs^'er a.ssistcd, but rather impeded by the 
presence of SO.^ in the gases, since the reduction may go as 
far as N.,0. He therefore denitrates with air only, which is 
heated to about 20 o‘ and blown by means of a small fan into 
the Glover tower, wtiich in This case does lot rcceive4he gases 
from the burners, and is fed with water or weak sulphuric acid. 
His B. P. 201 3 1, of 1910, [^rescribe^ supplying the nitrogen oxides, 
before they reach the chambers, in an enclosed space with air,^ 
to such an extent that they*are as much as possitle oxidi.sed 
into nitrogen peroxide. 
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Cl I A ITER VII 

Til !•: CM A M l;KR-l’RUCI-;S.S 
S/(irti)ig the Cliambcrs, 

Covering the Chamher-bottojn 'ivith Arid, — In order to start a set 
of chambers, first of all the chamber-bottoms must be covered 
with acid. This is absolutely necessary when the sides are not 
burnt to the bottom, but hani^ loosely down into its upstand, 
as here an hydraulic seal is required to keep the gas within the 
chamber. Enough liquid for the sides just to dip into it is 
sufficient; for as the lead expands on the chamber getting 
warm, and as the liquid constantlySncreases by condensation, 
the hydraulic seal is constantly improving. However, for 
reasons to be stated hereafter, it is preferable to make the depth 
ofTicid as great as possible from the outset. Only in extreme 
cases ^iVater or very ive<ik aeid should be taken for luting the 
chairtber ; acid should rather be bought elsewhere at some 
expense to avoid this. If it can be done, the proper thing is to 
bring up the bottom-acid at once to at least about 90 Tw., 
better 100’. If this cannot be effected, this strength ought at 
least to be approached as nearly as pos'^ible. The reason why 
starting a chamber with water or very weak acid should be 
avoided is, that otherwise the vapour of nitric aeid dissolves in 
the bottom-liquid and acts upon the lead. 

Even TVill the nEric’acid freshly*^ supplied were decomposed 
by sulphur dioxide before reaching the bottom, the presence^of 
water or very dilute acid in large quantity would cause the new 
formation of large quantities of nitric acid from the lower 
’oxides of nitrogen (N._, 0 'p X0O3, and NO), and, on the other 
hand, of nitrogen protoxide, N .,0 ; there would thus be a great 
loss 'of nitre in both shapes, apart from the action of the lead, 
and the reactions within the chamber would be quite irregular. 
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Altogether the chHmbcr-pr^cess* only goes on properly when- 
there is an abundii^nt quantKy of pretty* strong acid at the 
bottom of the clvambcrs. If the sides are burnt to tke bottom, 
it is even preferable to start pi chamber dry to starting it with 
water; but otherwise a layer of about 4 in. of ;»cid on the 
bottom of such chambers is preferred. 

Supposing the chambers to be luted with acid, and the 
burners to be heated up, so that they can be charged, the 
conncction»^b'5lweeR them and the chambers is made and the 
bunicr-gas allowed to enter. Of course sufficient draught is 
given and nitric acid admitted at once, but at first no steam, in 
order not to dilute the bottom-acid too much. The nitric ncid 
is introduced precisely in the same way as later on, either as 
vapour or in the liquid form. At first about three or four 
times as much is put in as is necessary afterwards, because 
there must be a stock of nitre-gas collected in the chambers, 
which subsequently needs only to be renewed so far as any 
loss is suffered. Liquid nitric acid can be introduced much 
more quickly than gaseous, since the latter depcnds*upon the 
heat of the burner-gas wording the nitre-oven ; but running too 
much nitric acid at once into the chamber must be avoided, 
since it might not be decomposed entirely before reaching the 
bottom. This can hardly happen when introducing it throtigh 
the Glover tower. At the beginning from 12 to 15 parts of 
nitrate of soda, or corresponding quantity of nitric acid,* must 
be employed to too parts of sulphur ; and this must be 
continued till the host chamber turns yellow; then the (juantity 
is gradually diminished till the projicr point is reached. 

MacCulIoch (C7/c;/*. AVaw, xxvii. [). 136) prescribes starting 
the chambers by admitting steam and nitre-gas from the 
steam-column (c/i p. 849) for five or six hours before the burner- 
gas is admitted. In that case, he says, the chambers work well 
from the first, and in one nistance showeil acid of i»65 at the 
drips already in twelve hours. This may be so ; but that 
process, while saving a, little time and po.ssibly a little nitre, 
from the outset detracts much from the durability of the^ 
chambers, since during the hvc or six hours when they receive 
only steam and nitre-ga.s^very much^ nitric acid must condense, 
and whatever is gained by the drips* is again lost by* the 
previous dilution of the bottom-acid. 
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As suoil as the drips and* test-plugs pr/^vc that sulphuric 
acid is already forming in the* chamber, is admitted, 
usually oi^ the second day, but at first with great caution. 
Then all the factors of acid-making arc at work, and the same 
rules arc na^-.v valid as for the ordinary process. If everything 
is in proper order, and if plenty of nitre is used (which is 
all retained in the Gay-Lusfjac tower), a chamber may be in 
regular working order on the fourth, sometimes even on the 
third day after starting. . 4...*. 

We must also take into account the opposite case, viz., when 
a set of chambers has to be stopped Jor repairs. It may be 
necessary to do so for one or two days, and it is, of course, 
most important to be able to go on again as quickly as possible, 
without losing too much nitre. If the proper precautions arc 
neglected, it is possible that so much nitric acid is produced 
that the chamber-lead is seriously acted upon. To avoid this, 
we must proceed as follows :—lMrst of all, the pyrites-burners 
are stopped ; no fresh charge is put in, and all openings are 
closed as lightly as possible. Next to this the supply of nitre 
is .stopped, but that of steam is continued, so long as the gas of 
the last chamber shows any outward pressure. When this has 
ceased, and there is, on the contrary, .some inward suction, the 
outlet damper is closed, and air is allowed to enter at some 
lute, manhole, sight, etc., to avoid forcing-in of the chamber- 
walls '’by the atmospheric pressure. Even now a good deal of 
acid is produced, as proved by the action of the drips ; but the 
.steam should be shut ofT as soon as the drips go down to lOo' 
Tw. When the drips cease to act all openings are shut. If 
the burners are started again within jthree days from the 
stoppage, it is only necessary to put on a good supply of nitre 
in order to get the chambers to work again ; the regulation of 
the steam must, however, be as carefully attended to as when 
starting a set of (:hafnbers. 

Supply of Air. 

The object of a regular chamber-process is of course this : — 
lo make froih a given quantity 6f brimstone or pyrites the 
greatest po.ssible quantity of sulphuric acid with the smallest 
possible consumption bf nitre. We may add at once, as less 
vdedsive, but still of importance, that the. chamber-acid should 
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be as strong as compay'ble tvith the two con*ditioiis just 
stated and with prevcntinj^ damage to tlte chanibcr-Ic ;d. In 
order to attain that (d)jcct, the attention of the* chamber- 
manager must be directed to man)’ points, some of which 
have already been treated of in detail, whilst nUiers will be 
enlarged upon here. 

1st. Complete Comhustiou of the Snlphur-ore. — 'I'his, with 
brimstone, follows as a piatter of course; with pyrites it is 
much mor^ (i’Jficulb (e/! also pjx 442 ei seq^j. 

2nd. P^roper Coinposition of the l^unief-ejis. 'This also has 
been treated of in the 4th Chapter; and we will here merely 
repeat that the proper composition of the burner-gas almost 
entirely depends upon the regular supply of air produced by 
projjer regulation of the ilraut^ht. We havt^ already seen 
(p. 452) that, apart from chemical analysis, there are practical 
tests to show at the burners whether the drai ght is right or 
not. Hut at the chambers themselves this must (.‘(jually be 
looked to, l)y means of the man-lids in the toj), or the ti‘st'j>lugs 
(p. 701), or by {)rc.ssure4pauges or anemometers ''pj*. 701 and 
767). Generally, the folltfwing rules may be laid down as a 
rough guidance : — 

In a set of three chambers the first chamber should show an 
outward pressure, and, accordingly, the gas shoiild issutf in 
force whenever a plug is opened. In the middle chamber the 
gas should be pretty nearly in equilibrium with the outc^ air ; 
in any case there should be rather a little outward pressure 
than any inward suction. In the last chamber there may be 
.some, but ver\' little, inward suction ; and behind it, but before 
the damper, the suction .should be very perceptible. The 
Rhcnania works (1902) keep some prc.ssure throughf)iit the 
chambers, diminishing gradually from front to back, the suction 
beginning only behind the Gay-Lussac, and this is also done at 
other well-manage 3 works*known to tlie author. 'Kiiapp com- 
pares the chambers to a lake traversed by a river : the speed of 
current at its inlet is ^imini.shed in the interior of the wide 
basin so as to be almost imperceptible ; but at the outlet in the 
narrow draught-pipe it agairf comes out with the same strength 
as at first. Payen’s l^nUns (i. p. 3^8) states the ^;ecd of the 
gas within the chambers to^c 8 to 10 ifi. per minute. C’/Talso 
Niedenfiihr’s measurements of pressure.s, p. 677. 



908 


THE CHAMBER-PROCESS 

Generally, it may be said that the draui^b.j: must be sufficient 

0 cause a proper wc^rking of the .burners and the proper com- 
)osition o[ the gas, but no more than this. The draught should 
)e observed not merely by practical indications, but by testing 
hc‘burncr-gas for S(T and the exit-gas for 'O. The rule given 
an here be stated more precisely in this form : — There is so 
nuch draught given that ^the burner-gas from brimstone 
pproaches a percentage of ii [)cr cent , that from pyrites 8 per 
ent. SO^, as far as circumstances permit, and£^that the gas 
ssuing at the end still contains 5 or 6 per cent, of oK^^gen. 

A most important. control of the working of the chambers, 
iO far as the draught is concerned, is exercised by testing the 
'xit-^^ases for o.vvii'en^ as has been described (p. 578), and will be 
nentioned later on in this Chapter. But there is no agreement 
)n the question as to what is the proper percentage of oxygi^n in 
Jiamher exit-gases. Only so far there is general agreement that 

1 certain cxce.ss ot oxygen is required, over and above the 
hcoretical quantity, in order to promote and hasten the 
egencraC.on of nitric oxide to nitrous acid, etc. l^odc 
fn'itrage^ p. 15) assumes as a miv.imum 6 per cent, of free 
oxygen in the exit-gas of the chambers, and mentions that at 
8 per cent, free oxygen the yield had been quite as good as, 
and the consumption of nitre even a shade better than, at 6 
per cent. According to Ilasenclever (Hofmann's Report ^ i. p. 
370), 'in 1866, before Schwarzenberg, Gerstenhdfer had already 
calculated the theoretically best composition of burner-gas, but 
had only communicated it privately to several factories. His 
figures, which do not materially differ from those quoted 
(snprf pp. 556 and 558) arc: — for brimstone, 

10-65 per cent, by volume of SOu, 
fo-35 » » o 0, 

,, ,, ,, N ; 

for burnin'g pyrites, ** 

8- 8o per cent. ]jy volume of SO^,, 

9- 60 „ ,, ,, • O, 

. , ‘8i-6o ^ „ N. 

Scheuror-Kestner also assumes that the percentage of oxygen 
in the exit-gas = 6 per^:cnt. lie has, however, proved that the 
c. oxygen in the burner-gas is considerably dess than according to 
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the above calculation, probably dwiiig to the formation of SO., 
(P- 5<35). 

The above is not universally accepted. Vof^t coiuends 
{Dingl. polyt. /., ccx. p. 105) that there ought to bc*only 3 or ' 
4, never above 5 per cent. ^)xygen in the escaping chamber- 
gas ; oxygen beyond 5 per cent he calls “ very bad work.” 
This opinion is shared by some, but not by many, other 
practical men. The other extreme is found at a large alkali- 
works visitcd'j3y nie, whefe it is believed that the best yield of • 
sulphuric is obtained with 10 per cent of oxygen in the 
exit-gas, certainly with a somewhat larger consumption of nitre 
than when 5 nr 6 per cent of oxygen is adhered to (4 per cent 
ofNaNO,, upon the charge of sulphur, instead of 3 per cent,). 
The neighbouring works, burning the same p\'rit(;s under 
idc^itical conditions only allow 5 to 6 per cent, oxygen, and I 
think this decidedly right. 

But if it is e.stablislied that a certain excess of oxygen, 
although its presence increases the volume of gas, yet also 
increases the energy of the action in the chambers, it is, on the 
other hand, at least as ^well established that too great an 
excess of air vastly diminishes the ) ield and seriously increases 
the consumption of nitre. We here refer to the account of 
Olivier and Perret’s first trials with pyrites (p, 455). ^ 

VVe may assume that in (lermany the minimum and 
maximum of oxygen in the exit-gases is ke^t between 4 and H 
per cent. In Franc^e it is rather lower, say 3 or 4 per cent. ; but 
in England the higher figure 7 or S per cent, seems to be pre- 
ferred in many places. So far as my experience goes, a medium 
figure, 5 or 6 per cent, oxygen, would in the majority of cases 
be the pro[)cr one to aim at, but, if anything, 1 would rather 
allow a margin a little below than above that figure. 

lixccssivc draught acts in a different way, according to 
whether the admi«sion oC air to thcLurners is r(;[^ulatcd in the 
proper manner or not. If the action of*the excess of draught 
extends to the burners, they will become too hot; sulphur will 
be sublimed, especially from brimstone-burners, but even from 
pyrites-burners, and in tbe latter, .scars will be formed. If, 
however, the excess of draught is very great, ^ the burners 
may, on the contrary, l^ecome cooH-d 1^^ the excels of air. 

If the admission^of aii* below the burner-grates is regulated 
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SO that thcie do not receive tOo much air, sq excessive draught 
at the end of the system must produce a diminution of pressure 
in the chambers ; air is aspirated through the tiniest chinks and 
crevices, and in very bad cases the sides of the chamber may 
be drawn iij. * * 

In both cases “false air” gets into the chamber (which 
means too much oxygen and inert gases), the chamber-space 
is badly utilised, and the excess of gases carries away both 
sulphur dioxide and nitrous gases. *If the /itteii^t js made to 
prevent this by employing more nitre, too much is put 

upon the Gay-Lussac tower and more nitre will be lost than 
in a regular way. 

In the case of insufficient draue^ht the end of the system 
there will be too much pressure in the chambers, as the hot 
gases continue to come over from the burners ; after a slVort 
time there will be a deficiency of air in these, which is shown 
by the anal)'sis of the burner-gas and end-gas ; the burners 
first become too hot, as the cooling effect of the air is missing, 
and scars are formed, whereupon the burners turn cold, the 
ore burns incompletely, and the gas gets poor. Generally this 
is accompanied by blowing out of gas from the burners, 
which might, of course, also be caused by any kind of stoppage 
in tlje gas-flue, but cannot be confounded with this contingency, 
as in this case the pressure in the chambers is not too great, 
but tljc rever.se. «;\11 this again leads to an excessive con- 
sumption of nitre, as the lower oxides of nitrogen do not 
meet with sufficient oxygen, and even NO may go away 
as such. 

Either cause (as a consequence of the above) leads to a bad 
yield of sulphuric acid, large consumption of nitre, escape of 
sulphurous acid into the air. Further proof is not required to 
show the importance of regulating the draught as accurately 
as possible. ». ♦ • * 

In the case of poor ores, and those the sulphur of which is 
not readily given off, also in the case of burners admitting too 
much false air, such as the old Belgian' burners, too much air 
gets into the chambers, and the y?cld is consequently always 
very bad. At Oker, for instance, in 1859, from a 50-per-cent. 
pyrit<^s only loo instead of 300 per cbnt. of strong acid was 
obtained, with a consumption of 14-4 p^ts of nitre to 100 
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sulphur (Knockc, in Jifhn'shcr., 1S59, }). hfS); and the 

Belgian Commissimi states, [or the four ^’orks examined, the 
yield = 242, 237, 259, and 238 parts, instead (»f 306 as retiiiired 
by theory. They were able to detect in the esc*aping gas 
0-38 to 1-26 per cent, of sld|)hur dioxide, and ^17 to *17-4 
per cent, of free oxygen. 

The regulation of the draught takes })lace principall)’ or 
sometimes even exclusively at the exit end by means of the 
-contrivances ([escribed (j)p. 747 et scq.). It is not practic'able to 
depend f<S<4jiis entirely on the ash-pit holes of the |)\ rites- 
burners (p. 433). as these must be regulated to suit each 
individual burner. It is very important not to overlook that 
the gas-pipe between the burners and the Glover tower and the 
chamber may be partially stopped up with deposit. In this 
cast the draught at the burner will be bad, but will be little 
improved by opening the exit-dampi.T ever so wn’de, and closing 
the latter will only draw in air at a?iy chance crevice and injure 
the chamber-process. This cannot be overlooked if the proci's.s 
is propcrl)^ controlled by regularly testing the burner-gas and 
exit-gas ; if the latter sho^-s enough or more than emough free 
oxygen while the burner-gas is blowing out, there must be 
some intermediate .sto[)page. 'I'he lutes or side-plugs, or still 
better pressure-gauges (p. 777) fixed in various parts (jf tlic^set 
will easily allow of localising that stopjxage. 

On the contrary, some acid makers prefernvorking in such a 
way that there is afways ample draught from the burners into 
the first chamber, by employing large and very loo.sely-packe(^ 
Glover towers; the burners in this ca.se never blow out, and 
yet the chambers themselves can be worked right to the end 
with even outward pressure in lieu of inward draught. But 
there must then be this drawback that, owing to the kxesc 
packing, the denitration in the Glover tower will be hardly 
ffcrfect. This can 4)0 obviated by tbe following# pjan, which 
may be usefully adopted in special cases ; — d'he Glover tower 
is packed as usual, so as to serve as an efficient denitrator 
and concentrator. Froih it the gases arc still made to ascend 
a sufficient height, say 6 or #10 ft., in a wide tube* which theif 
turns (avoiding any sharp bends) sideways and dip.^ d(;wn into 
the roof of the first chamber. Thifs a^fphon is Termed, •and 
as the gases in the speond* descending limb arc cooler tlfan^ 
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in the part* rising upwards from the tovvej-^(in extreme cases 
the air-cooling mig^it even be ^u{Dplcmei>ted in summer by 
water-cooling), this will cause a suction of the gases from the 
tower, ancl thus increase the draught from the burners, without 
drawing the gas away from the chambers^ too quickly at the 
other end. Of course this result is much more easily attained 
by a fan-blast (p. 753). 

Jixccptionallw air is admitted behind the burners, usually by 
means of an injector in the first chamber, which ijvso constructed 
as to introduce some air together with the steam^p,V^3). This 
must be done where the burner-ga.ses are too rich, and 
especially where the first sup[)ly of air is purposely kept as low 
as possible, in order to get hotter gas, as, for instance, in 
II. Glover’s brimstone-burner (p. 403), which is intended to 
concentrate the acid by heat of the gases. ‘ 

Some chamber-managers contend that no regulation of the 
draught need take place at the outlet when this has been done 
once for all, as the outside atmospheric conditions never vary 
so much as to interfere with the working of the process. But 
this opimon is decidedly wrong. ^In most parts of Central 
luirope the temperature may vary up to 40' C., or even more, 
between the extreme heat of summer and the extreme cold of 
wiqter. But this means that for every 1000 cub. ft. of air 
required in the coldest .season, nearly 1150 cub. ft. must pass 
through the apjMiratus in the hottest season, supposing the 
barometric pressures to be equal. But these latter as well may 
vary 30 mm., or even more; so that, for instance, 1000 cub. ft. 
at 760 mm. pre.ssure repre.sent the .same weight of air as 1041 
cub. ft. at 730 mm. Combining both (and very frequently low 
temperatures and high barometric pressure go together, as well 
as high temperatures and a low barometer), 1000 cub. ft. in winter 
may be equal in weight to 1200 cub. ft. in summer. It is quite 
evident that .such largo differenceii, and ^^ven much smaller 
ones, as they may occur from day to day must be compensated 
by regulating the outlet of the.ga.ses accordingly. Nor must it 
be overlooked that the pressure of wifid affects the quantity of 
‘gases passing through a* given orifice, and this circumstance 
sometimes^ during the year has a very .serious effect on the- 
draught, evA*n wheiriJic burner-hou.^e (as it ought to be) i.s 
^ slieltercd against the direct action bf gusfs on the ash-pits. 
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The great lack,c f statements as to A^c draught 

necessary in various parts* the chamlicr-systcm has been 
partially remedied by an investigation by Norrenberg {CZ/rm. 
Ind.^ 1899, p. 48 ; cf. also the criticism by h'ichhorn, /TvV., p. 150, 
and Norrenberg’s answer, ‘p. 237). The required j^resMiro 
within the chambers can be attained only by a strong iij)- 
draiight. To produce this, we should make the (lifference of 
level between the burners and the Glover tower as great as 
possible. Th(4 gas^ inlet-pipe from the burners to the Glover 
tower shofUij-isc straight upwards, and should deliver tlu‘ gases 
into the tower at the highest practicable temperature. The tem- 
perature of the gases leaving the Glover tower should be ver)' 
little above that of the main-chamber, and any gas to be 
carried downwards should be cooled as much as p(»ssible. The 
ga.s^leaving the last chamber may descend j)rctty low towards the 
Gay-Lu.ssac, which (of course ! ) produces all the better draught 
the greater its height and the wider the outlet. The loss of up- 
draught from the burners should be lessened by giving the 
connecting-pipes and flues a sufficiently large section for pro- 
ducing the following velocities (having regard to the greatest 
possible production with normal burner-gases, to tlie tempera- 
ture ordinarily attained at the respectivar places, and the 
inequalities of work):— 


About 0-5 metre per second in the (cKvin) burm r-nues. 

„ „ (jluver inlet-])ij)e. 

„ „ Glov(‘r grate. 

„ „ Glover packing. 


„ 

0*8 to I „ „ 

0-25 to 0-5 „ 

(if possible rather le.ss) 

i-o metre? per second 


, connecting- pipe lead- 
ing to the last chamber. 


The velocity irPthc pipe leading t* the Gay-Lyssac and that 
in the outlet-pipe of the latter should be such that, on deflucting 
all the losses of pre.ssurc up to the Gay-Lussac outlet from the 
effective up-draught, a* pre.ssure of 2 mm. water exists at the 
Gay-Lussac outlet at ordinary temperatures. Th<s is advisable, 
in order to facilitate the regulation of the final damper. 'I’he 
section of the Gay-Luss 3 c should b^ cqMil to thaUof the (ilover 
tower, or a little less. It ?ihould not be made proportional to 
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the qiiantitV of gas at the rcjipective temjx/atures, on account 
of the cokc-pacl<in|!j. Changes of velocity, curves (especially 
such witl^ a small radius), and elbows should be avoided as 
much as possible. Hy rounding off the edges in the chamber- 
exits the lo^s of pressure can be pfactically'avoided. 

Hasenclcver {Cliem. hid., 1899, p. 27) found in a special case 
that a Glover tower with good draught showed a pressure of 
2 mm. water at bottom and 5 mm. at top; when the pressure 
was 2 mm. at bottom and 2*5 mm. at top, ttc tojvcr^was found 
to be obstructed. Ihit he justl)' points out th.?‘''^’^o definite 
figures for the pressure in the various parts of the chamber- 
apparatus can be stated as a general rule, and that they must 
be fixed by experience for every special case. 

In horizontal ducts the loss of pre.ssure can be deduced from 
the mere ob.scrvation of the pressure-gauge, but w'e shall qhotc 
a very important remark made to Hasenclcver by Dr Drcckcr, 
concerning the complication caused by the difference of level 
through the difference of barometric pressure at different 
heights of the apparatus, neglect of which makes any observa- 
tions of pressure by a manometer quite unintelligible. Taking 
the just-(|uotcd example of a Glover tower, showing 2 mm. 
water-pressure at bottom and 5 mm. at top, but possessing a 
height of 9*5 m. (about 31 ft.), the difference of atmospheric 
pressure between the bottom and the top of the tower at 1 5'’ C. 
and 7*50 mm. merturial pressure in the barometer is : — 

‘ r.20.1 7t;o 

mm. water. 

1+ 7ho 
^73 

This we must introduce into our formula, and we thus 
obtain : 

, % 11.5* (5 --2) = 8 -^ • 

as the real difference of inward pressure in the tower ; that is to 
say, the pressure within the tower is = 8* 5 mm. water higher at 
the bottom than at the top, and tWs difference has on the one 
side to carry the weight of the gaseous column, on the other 
side •to procure the* fnovement of *the gases. Taking' the 
^pcfcific gravity of the gases = 1-374, and the mean temperature 
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within the tower (3^0 at bottom* 95 at top) -222 ^C., anti the 
outward pressure -750 mm. mercury, we fifid : 

- x-?'^°x().5 7.10 mm. wati r 

1+ ' x*i2 2 

273 

or a pressure of 7-10 kl. per stj^uare metre. The difference 
8-5 -7-10- i'40 indicates the pressure, in terms of millimetres 
of water-pijissijre, v^hich causes the ascending movement of the 
gases. 

If we call the difference of weight between a gaseous column 
and a column of air of equal height its Kpuuvd stirss or buoyancy y 
in the present case 1 1 -6 — 7- 10-4*40, we find the loss oj pressure 
between two points in the system to be equal to the observed 
maitometric difference of pressure plus the buoyancy ; in the 
present ca.se: observed manometric difference ( - 3)-}- buoyanc}’ 
(“h 4*40)= 1-40 loss of pressure in that special (Hover toieery 
caused by frictional resistance between its bottom and to{), etc. 
If the tower were obstructed by deposits, this loss o^ pressure 
would become greater, awd we can by similar calculations 
establish for any given apparatus and by special observations 
the best conditions to "be aimed at, Init we should commit a 
great mistake if we attempted to lay tlown a general rule# for 
all cases from such special observations. 

In this case, as^well as in well-nigh cvlay other ca.se in 
chemical manufacturing, it is entirely premature to ajiply 
apparently exact mathematical formul.e as a general guide fof 
actual practice, which Sorel has done by appl) ing to vitriol- 
chambers Clegg’s fonmike for the movement of gases in jiipe.s. 
The extraordinary complication of the case, caused by the 
sudden expansion of pipes into the enormously larger section 
of chambers, by the sharp angles through which the gases must 
sometimes be concflicted, by the chartges^of temper^iture, and 
by the chemical reactions which cause alterations in the volume 
of the gases and vapours, etc., etc., make the application of any 
simple formula quite illusory. These formuke may overawe 
those who are ignorant of iflathemiftics, cspcciallj' when the/ 
contain the (for such people) mystic symbols of higher mathe- 
matics, but I know absolutely of no case'i’n the whole range- of 
manufacturing chemisitry wliere the least practical progress has 
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been made by applying complicated mathematical formulae to 
chemical operation.^. The time for this may conic in the 
(probablyisomevvhat distant) future, when the clonents necessary 
for such calculations have been thoroughly studied and placed 
on a '^Q,z\\x^*vxperimental basis. 

Supply oj .Water ^^Stcaui). 

The regulation of the steam or water-spray is one ul tlie most 
important parts of chamber-management, ar.'d sUniU' always be 
taken in hand by the responsible foreman or superintendent 
himself. One of the first conditions for enabling him to do so 
properly is that the tension of the steam should be kept as 
nearly espial as possible ; and it is hardly necessary to point out 
how much this task is facilitated by a registering steam-gauge 
or by automatical!}' regulating steam-valves (pp 713, 7^5). The 
round of the chambers should be made two or three times a 
day; at some works it is even made every other hour. It is 
one of the advantages of the water-spray system (p[). 728 ct seql) 
that therv are hardly any variations of the quantity of water 
sup[)lied, but other difficulties may (tccur instead (p. 731). 

It must be borne in mind that the Glover tower supplies the 
first or “leading” chamber of a set with a good deal of the 
steitm recpiired. Hence steam or water-spray must be supplied 
to this chamber in much smaller (piantity than when working 
withobt a Glover tower, and the position of the jets is also 
innuenced b)' this (cf, p. 725). 

A rough indication of the fact, whether too little or too 
much steam is present, is sometimes sought in the appearance 
of the glass jars covering the two lutes of. the chambers (p. 701). 
If these show a white crystalline covering of chamber-crystals, 
which are proved as such by turning green on moistening 
them, there is evidentlj^ a deficiency of ^steam. If, on the 
other hand, fhe glass* jars are dripping wet, there is too much 
steam in the chamber. This is, of course, only to be taken 
in conjunction with the other observations to be made by the 
attendant. 

The proper indicator for the admission of steam or water is 

strength i\f add viatic the chauiper, both as observed in 
the acid-drips (p. 698) and in the bottom-acid. These two are 
'never identical ; the drip-acid is always fnore or less stronger 
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than the bottom -acftl. In chambers there is a consider- 
able difference between the frbnt and tlie Back part, anu sucli 
chambers should be provided with two or even more* different 
sets of drips. ^ 

Considerable difference of opinion exists as to ttie 
of acid most conducive to a pro[)er workini; of the vitriol- 
chambers — that is, to the best yield, the ^o'eatest production for 
a ”iven chamber-space, and the smallest consumption of nitre 
We may si^' ^meftilly that the chamber-acid is kept much 
stronj^er in majority of Kn^lish works than in the majority 
of Continental work.s. Whilst the former mostly keep the acid 
in the leadinL^^ chamber from 120' to 130 and the drips often 
5'’ to 10' higher, the usual practice on the Continent is to keep 
it at 106 to 1 10 , or at most 1 16 Tw. At the Rhenania works 
the acid runs away from 106 to at mo.st i lO Tw. In America 
I found from 1 1 2 ' to iiG . Only exceptionally higher strengths 
(up to 124 I'w.) are met with on the Continent or in America. 

It is unnecessary to say that both English and Continental 
manukicturers firmly believe that they are in the sight, the 
former in making stronger, the latter in making weaker 
chamber-acid. Roth contend that in their, and o}ily in their 
way, the best results are obtained. It is difficult, if not 
impossible, to arrive at any certain decision on that question 
from a comparison of the data supplied by various works as to 
the strength of acid^ the yields, the consumption of nitre, the 
chamber-spaces, and so forth. This difficulty arises both from^ 
the complication of the various conditions, whicii interact upon 
one another, and from the very frequent inaccuracy and 
incompleteness of the. obtainable figures. It is therefore with 
all reserve that I proceed to give my own opinion on this 
question (which differs from that given in the first edition of 
this work, vol. i. p. ,^46). 

All theories of the vitriol-chamber prociss ^cenT t« point to 
the preference of the weaker rather than of the stronger acid. 
Hurter, in his dynamical theory (/. Soe. Cheat, hid., 1882, |). 10), 
arrives at the result that the chamber-space \s inversely^ 
proportional to the quantity^ of nitrogen compounds present, 
and to the amount of wa^er present, in the gaseoiis condition ; 
in other words, that, other c;onditions being equal, the quantity 
of acid produced withfli a given chamber-space is larger when-^ 
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weaker acicl is made than when strong acid‘<s made. It is true 
that the evidence ^ivcn for this in the paper just mentioned 
from the victual results of a number of chambers is very scanty, 
and certainly not sufficiently conclusive in itself ; this was 
unavoidabkj, as only such works were quoted which did not 
possess Gay-Lussac and Glover towers, l^ut, at all events, no 
contrary assertion can be baved on that evidence. 

The theory propounded by myself, and the very similar one 
of Sorel, both of which will be found at thealosejof this Chapter, 
also demand that, other conditions being equal, <?ie sulphuric- 
acid-forming reaction is [)romotC(l by a larger amount of water, 
up to the limit where an excess of water would produce other, 
injurious, reactions. 

Another point to be considered is this, that it is practically 
impossible to prevent the loss (T .some nitre, dissolved in the 
chamber-acid as nitrosulphuric acid, but that the tendency of 
the chamber-acid t(j retain nitre in this form rapidly increases 
with its strength, 'theory would therefore demand keeping the 
acid weaker in order to lose less nitre. Whether, this is so or 
not in [)ractiee can only be proved by bringing together a great 
many reliable data, the difficulty of doing which has been 
pointed out before. It is a fact that sometimes “pale” 
chambers are the consequence of giving too little steam (that is, 
keeping the acid too concentrated), and that this evil can be 
remedied by turning on full steam for a short time, which 
causes the chamber to become red again. 

1 he practice of most Continental factories, including several 
German and Austrian works, at which all the processes arc 
followed up in the laboratory with the greatest care, and which 
are generally admitted to work with the greatest perfection, is 
in accordance with the just-quoted theories, and comes to this : 
that the acid in the leading chamber, that is at the same time 
that whicl^ if withdri^wn Irom the process for use or sale, should 
not exceed 113", and is best kept at from 106' to no" Tw. 
In this way the best yield and the smallest consumption of 
nitre are attained. 

The usual and practically the only reasonable motive of 
English manufacturers for^making their chamber-acid so much 
stro'nger is, of courseVthis, that tjiey save the expense and 
.trouble of concentrating the acid for use or sale. But there is 




little or nothing in t^is in the greift majority of case#. For the 
manufacture of suptfr phosphates, which rcc|uii'cs an enormous 
quantity of sulphuric acid, and for whicli man)' acid-\^orks are 
exclusively employed, the strength of i lo T\v. is quite 
sufficient. For decomposing salt for sale and fb)r making 
.rectified oil of vitriol, a higher strength is certainly reijuired. 
But at every works provided witlj Glover towers (that is, at 
every properly equipped works, and actually in the great 
majority of^'xi.^ingj'actories) there is no difficulty whatever in 
bringing acid up to 140 Tw. without an)- expense, even 

when starting from chamber-acid at no 'fw. ; and this is done 
even without Glover towers (for further concentration in 
platinum stills) at many works by means of the waste heat of 
the pyrites-kilns. 

Some years ago, P. W. Hofmann (y>V;'., iii. p. 5), starting 
from the (erroneous) assumption that sulphurous acid in 
contact with nitric acid and sulphuric acid of, sa\’, 100 'I w., 
produces much nitrous oxide, N\.0, pre^posed to diminish the 
steam in the first chamber (which in his case was onl)- a 
“tambour” of 3500 cub, ft* capacity) to such an extent that 
acid of 140 Tw. should be formed; in this way the acid 
dissolves much nitre, and is run into the following large 
chamber, where it gets diluted and gives up the nitre, He 
asserted that he had thus effected a saving of i lb. nitre on 100 
lb. of sulphur ; but as his original consumption* of nitre an (4 the 
yield are not stated, and as, m(.)rcover, his chambers had no 
Gay-Lussac and Glover towers, that alleged .saving cannot 
convey any proof of the utility of his proposal, upon which a 
vigorous controversy was carrietl on in the 21st volume of the 
Chem. News (pp. 132, 164, 189, 200, 224). It was then mostly 
overlooked that Hofmann’s small “tambour of 35 ^ cub. ft. 
capacity had very little in common with an ordinary Knglish 
leading chamber of fbore tlwn ten timers that capawit)^. Apart 
from all other reasons, the undoubtedly much greater wear and 
tear of the chamber, when worked in the described way, would 
tell much less with a small “ tambour ” than with a large 
chamber. But, for the reasons above stated, 'Hofmanns 
process .seems wrong in principle, and has not met with any 
success whatever on the Continent, wl\crc*ii was first tried, ^ 

In England later gn (since 1889), probably without aify 
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reference ^to Hofmann’s proposal of several works in 

Lancashire began *tO employ me.ch stronger acid in the leading 
chamber, up to 140'' Tw. It is, of course, out of the question 
to lose the nitre dissolved in such strong acid ; none of it must 
be used without first passing through the Glover tower, and as 
it would become too strong therein, and would be incompletely 
denitrated, a little water is rjin through the tower at the same 
time. At one of the works visited by me it was stated that, 
with the very low chamber-space of i/rcul^ ft., per lb. of 
sulphur, the excellent yield of 41^ cwt. of 96 perc.jeiit. salt-cake 
was obtained per ton of pyrites, with the very small consump- 
tion of 15 lb. nitre per ton of pyrites ( — 0-67 per cent.). These 
good results were a.scribed, firstly, to an extraordinarily large 
Gay-Lussac space ; secondly, to the above-mentioned procedure, 
by which an unusually large quantity of nitre was supposed to 
be kept circulating in the vitriol-chamber. It was not denied 
that there was more wear and tear of the chambers ; but it was 
believed that this was no more than would be compensated by 
the saving in the process. 

At the time of my visit to the above and a few other works, 
where the same method was followed, the process had not been 
sufficiently long in use to enable a correct judgment to be 
formed as to the yield and the consumption of nitre. Every- 
body knows that it requires many months to make sure of this, 
and "to avoid bting deceived by accidental gains and losses. 
JUit even taking it for granted that the above-quoted excellent 
‘ results were really confirmed in the long run, I am very strongly 
disposed to place these results rather to the credit of the 
colossal Gay-Lus.sac towers existing at 4hat factory, of a width 
of 14 ft. and a height of 60 ft., than to that of keeping the 
chamber-acid at the dangerous strength of 140 Tw. It is 
clear that the large quantity of nitre kept in solution in the 
strong acick of the leaning chamber can contribute but very 
little to the work of oxidising sulphurous into sulphuric acid ; 
its work can be done only whilst running down the Glover 
tower. But then the same object can be attained quite as well, 
while keejDing the chttmber-aLid at a lower strength, by 
supplying, the Glover tower with more nitre, either (once for 
allj in the shape of* nitric acid, or (continuously afterwards) in 
. that of nitrous vitriol from the Gay-Lussac tower ; the inert 
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stock of nitre at thc**bottom yf tho^leadin^ chamber i5 tluis very 
largely reduced, ancl the confl.\ssedly muclP greater wear and 
tear of this chamber and of the Glover tower is ihie^ avoided. 
From all indications it is also likely that le.ss chamber-space 
will be required in tl*is than in the former case. • 

It is difficult to say anything general as to the strength at 
which the ^^7/ A' (////cy/n7 ought to be kept. At one 

works we find the drip-acid/inly 2’ or 3 , at others 15 or more 
above the l^^:)tt(lin-atid ; at others it is alwaws weaker than the 
bottom-acic1.'*'’^Everything depends on the position of the drips; 
but so much is certain, that in the same j)lant the difference 
between the strength of the drip-acid and that of the bottom- 
acid is nearly constant, and that the attendant must manage 
his chambers accordingly. On the average, the drips, where 
they are taken from the inside, clear of the chamber-sides, 
show about 10 Tw. more than the bottom-acid ; out this holds 
good only for the ordinary style of working, not for that 
described above, where the bottom-acid is kept at 140 'fw. ; in 
this case the drips are not very much or not at all itronger ; 
and where the drips are colHxted at the chamber-sides they arc 
generally somewhat weaker than the bottcun-acid. 

We have seen above ({). 311) that the temsion of acpieous 
vapour varies both with the temperature and with the strength 
of the acid; for instance, at 80 (near the chamber-side), acid 
of 1 14' Tw. has exactly the same vapour-tension as, af 95 
(only 2 .i in. within), acid of 128^ 'I'w. Sore! observed that the 
acids collected at various points of the same transverse section 
of the chamber really showed such differences of strength, and 
that, therefore, it be said that they are all at /in 

equilibrium of aqueou.s-va[)our tension. This shows how 
useless it is to compare the drips of different sets of chambers, 
unle.ss they are fixed in a precisely similar position to one 
another. 

77 / 6 ’ strength of acid in the intcrniediate chambers^ between the 
first and the back chamjjcr, is always below that of the first 
chamber. The second chamber, in a .set of three, has generally 
about 10" Tw. less than the first; but with acid of 140 Tw. in 
the first chamber the difference betM*een ^his and Jfiic second 
may amount to twice as nvuch. In a .set of four or more 
chambers the strengths Vill naturally dimini.sh more gradually. 
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The lak or'' back ” cJiauibcr is kept at ver^^ different strengths, 
according to whether there is » Gay-Lussac lower connected 
with it or,, not. In the latter case the acid is never kept above 
75 and sometimes as low as 50' Tw,, or even less than that. 
It is, in fact, difficult to keep the strengtii higher, as there is 
so little sulphur dioxide present in this case, and as there must 
not in the chamber be a large (luantity of nitre, in order to 
avoid losing an enormous proportion of it. Thus there is but 
little acid made here, and it is correspond in.gly yeal^ But such 
weak acid, even at 75 ', causes the formation ftf- much nitric 
acid, which must act on the chamber-lead and is otherwise in- 
juriou.s. Hence with the old style of working without nitre- 
recovery apparatus, the last chamber was always a very weak 
link of the set. 

In the [)resence of a Gay-Lussac tower there is no reason 
whatever for keeping the last chamber below 90 'fw., or even a 
few degrees above this. There is no formation of nitric acid 
to be apprehended in this case, and the ga.ses will be better 
dried in preparation for the Gay-Lussac tower. The practice 
of some works to go down as low an. 75 or 80 Tw, in the back 
chamber cannot be at all recommended. 

C'rowder (/. Soc. Chcin. hid., 1891, [>. 3c) 1) prefers placing the 
“ dvips ” in the connecting-pipes between the chambers, and 
keeps them as nearly as possible at the following strengths : — 
drip "from Glovet tower to 1st chambcr = 95 to 105 '; from ist 
to 2nd chamber= 130 ; from 2nd to 3rd chamber= 122'' ; from 
3rd to 4th chamber^ 105''; from 4th to Gay-Lussac = 85'. If 
the drip from No. i to No. 2 chamber stands lower than 130", 
the consumption of nitre is increased. [The drips in the 
connecting-pipes do not correctly indicate the work done in the 
chamber, as in consequence of the far greater cooling-action the 
formation of acid in these places must be abnormally large.] 

SoreLgiVes the fpllowing directions for the strength of acid 
to be observed in a set of three chambers (degrees Baume) : — 


Iii-sitk' drips. 

( 57-55’ 


Si^o drips. 


Be. up to] 

1st chamber ! the middlc'H 51-54 
[56 second half, j 

, i* , ^ ‘ 1 42-^3 first half. 1 

2nd chamber 52-5^ \45-47’ 2nd „ / 

3rd chamber 52-53" 45*50 « •” 


Acid in charaboT' 
bottom. 

54 - 5 - 55 ° 


48-^°-5 ■ 

48.6-44H 



STREI«feTH OF -4:10 


923 , 


Wc shall now d(f5cribc the iujitrious results oj a 
of water (as steam of s[)ray) to the chamber^. 

The first and most obvious result of too )uyoIi steam 

is this, that the acid gets too weak, but this is less im- 
portance than another drawktek immediatel)' following. If ’the 
lower oxides of nitrogen meet with an exxess of oxygen (which 
is always present in the chambers^ au/l tit the same time with 
an excess of water, the following reactions take place : 

?N() 4 ;,0 f II..( ) - 2N()J1 ; 

N./b + 2 O+ lU)-2N(bH. 

That is to say, they arc converted into nitric acid, which, in the 
first instance, is a much le.ss efficient carrier of oxygen than 
nitrous acid, and, secondly, is to a great extent dissolved in the 
botttm-acid ; here it assists the acid-forming process ver)- little, 
and, moreover, acts u|)on the lead. So long as the bottom-acid 
is pretty strong (say, up lo 90 ), it will not retain the nitric acid 
for a long tiiiie, but again gives it off as lower nitrogen oxides 
by the action of sulphur dioxide; but if the excessive supply 
of steam continues, it will .s*H)n keep the nitric acid back ; and 
as the process is thereby disturbed, even the steam ' which 
should have been used ui) in the formation of sulidujric acid 
is condensed to water, and the dilution of the bottom -acij is 
thus again increased. If this state of matters has once set in, 
it is not always easily* remedied, (hitting ofl*the steam w not 
sufficient; much more nitre must be put in as well; and yet 
the bottom-acid only graduall)' gets up to its normal strength 
In the meantime the yield falls off, the consumption of nitn 
increases very much, and the action of the nitric acid on tin 
chamber-lead docs permanent damage. Thus il is apparen 
that an excess of steam doc.s very much harm , and great Ciir( 
must be taken lest the strength of the acid should go dowi 
below the proper anfount. •I’lie chambers soon sh«v when the3 
have too much steam by becoming pale. A pale chamber oltei 
gets red again in an hour after the supply of steam has bcei 
partially cut off. 

An excess of steam has another mjurious effect, which cat 

‘ Whenever here, and in otJ;ier places, w# speak of “ stea^ft ” in conjicc 
tion with the supply of chambers, ^water in the shape of spray or mist is*a|s( 
meant ; it would be tediou* to mention this in every instar"* 



THE tHAMBEKM’ROCESS 


924 

\ 

only bci in detail when treating o? the theory of the 

chamber-process, vi>/..,the formaticn of iiitroj^^cn protoxide, or even 
of elemei)tary nitro^^en, whilst the reduction of the nitrogen-acids 
ought not to go beyond nitric oxide. Neither nitrogen protoxide 
nor nitrogen can be reoxidised td nitrogch-acids ; they escape 
with the other gases, and thus cause a loss of nitre. 

We will now consirlcr the/)pposite case, viz., that the chambers 
rcceire too little steam. According to the theory of the vitriol- 
chamber process, to be developed later on, t^iis yust; deteriorate 
the conditions for the formation of sulphuric since the 

substance formed in an intermediate state, viz. nitrososulphuric 
acid, cannnt then be entirely dec()mp(^.sed into suif)huric acid 
and nitrous acid. It will in this ca.se be eitl.er separated in the 
solid state, as “ chamber-crystals,” or else it will dis.solvc in the 
bottom-acid. In actual practice' it rarely happens thaf the 
deficiencN' of water is so great as to lead to the formation of 
solid chamber-crystals within the chambers ; more frequently 
this happens in the connecting-pipes. lUjt it is all the more 
general, qay, unavoidable, that some chamber-crystals fcommonly 
called “ nitre ” in this case) dissolve in the bottom-acid. We 
shall sec later on that a certain quantit}’ of “ nitre ” must be 
present in properly working chambers ; but if there is too little 
stcvim, this (juantity will be largely increased, both by a 
deficiency of water in the acid mist floating about, which 
leaves a large quUntity of nitrososulphuric acid undecomposed, 
and by the excessive concentration of the bottom-acid, which 
enables it to hold more “nitre” in solution. Thus the nitre 
will be removed from its proper sphere of action, viz., the atmo- 
sphere of the chamber, and SO.^ will escape oxidation. Where 
the chamber-acid is directly used, without first passing it 
through the Glover tower, this nitre will be finally lost. All 
this, of course, happens less easily where the bottom-acid is 
kept at a^lofvcr strength', as is usuaF on the Continent ; there is 
in this case more time for repairing a temporary deficiency 
of steam, as indicated by testing the drips and bottom-acids 
for strength and nitre. 

A deficiency of steanTalso acts in this way, that the acid by 
becoming too concentrate^! may to some extent act upon the 
lead. So long as tfi^ strength of tfie chamber-acid does not 
.exceed 144" Tw. (and this will very rarely happen, even with 
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faulty management^, there is not*much harm ilonc^ V09 very 
good reasons, the lah*t chamb*ei; if a (hiy-Lu^^sac tower is p,csent, 
receives ver)' little steam ; in the case of smaller chambers 
(tambours) none at all. But this may be carried too far; and 
then, in spite of the dark-w.:d appearance of the^ chambers, 
there is a bad yield of acid, because the water necessary 
for its formation is missing, and SO., and () go aw;\)^ un- 
combined. This occurs especially when the chamber shows a 
very clear, Banjpai^.nt red,* instead of being somewhat dim and 
misty. • 

On the whole, it is evident that the risks run by a deficiency 
of steam are nothing like so serious as tho.se arising from an 
excess of steam. 

Murter(77/c Mainihu fnrc of SuIpJuiric Acid, Livcr[)ool, 18 S 3 , 
p. 16) gives the following rules for utilising the indication of tlie 
chamber-drips 

1st. If the strength of the acid in the drips is correct but 
deficient in quantity, the chamber is short of nitre. 

2nd. If the strength is hiofi and the (piantity not far short, 
the chamber is very rich ii"^ nitre ; but if the quantif^' is short, 
it has too little .steam. 

3rd. If the strength is /ea', but the (|uanlity full up, the 
chamber has too much steam. If, on the other hand,^the 
strength is low and the quantity .short, the chamber is very 
poor in nitre. ^ • , 

It is needless to say that the indications afforded by the.se 
rules would be .sometimes very misleading, the conditions 
being too complicated, if the)- were not supplemented by 
direct observations of the amount of “nitre,” the temperature, 
and the composition of the inlet- and outlet-gases, as shown 
below. 

Stinville (Ger. I’. 144084) produces in the lead-chambers 
a circulation of cooted acic^, diluted U# such an e;ftent that it.s 
steam tension is sufficient to furnish 1;he aqueous vapour 
required for the process. There are three chambers, a, b, c\ 
the gases pass from the 'Glover tower into a, and leave c for the 
Gay-Lussac tower. The bottem-acid flows from*c to b, from. 
b to a, and from a into a cooler, where it is cooled down by 
means of a water-coil and also dilufed liy fresh w^ter ; in.this 
state it is pumped* baci< again into the chamber r. 
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Supply of Nitre. , ' 

It is ^.quitc evident that those ingredients from which 
sulphuric acid is ultimately formed, viz., sulphur dioxide, 
atihospherv oxygen, and water,' must be supplied to the 
chambers in proportions varying within very narrow limits only, 
as any undue excess or deficiency of one of these will cause a 
corresponding waste. Sulphur dioxide being taken as the 
given quantity, the proportion of water suppliec). is Vept so that 
a very nearly constant concentration of the cham'oer-acid is 
obtained ; and in like manner the supply of air is regulated by 
the draught in such a way that a certain necessary excess of 
oxygen, but no more than this, is found in the exit-gas. But 
the matter is different with that reagent which does not enter 
into the composition of the ultimate product, and only serves 
as an intermediary agent for combining SO,„ 0, and Ih.O, 
without (in theory) suffering any real change or loss at the end 
of the process. We now call such an agent a catalyscr (see 
later on) ; this is, of course, the “ nitre,” by which expression we 
understand all the compounds of nV:rogen which are concerned 
in the manufacture of sulphuric acid, at whatever stage of 
oxidation or combination they may exist at a certain moment. 

Jt is almost .self-evident that the acid-making process can be 
made more or less rapid by supplying more or less nitre, and 
that tliis finds expression in the greater or smaller space which 
the process require.s. In fact, considerable variations may be 
made in the supply of nitre, according to whether the chamber- 
space is to be utilised as fully as possible or not; and up to a 
certain extent it may be said that the sui)ply of nitre must 
chringe in ati inverse pro[)ortion to the chamber-space present. 
But certain limits do exist here as well, both in an upper and 
in a lower direction. If there is too small a supply of nitre, 
the reactions become too sluggish and Very disastrous con- 
sequences follow, which cannot be avoided by any amount of 
chamber-space ; and if too much nitre is supplied, the tempera- 
ture rises too much, the chamber-lead is acted upon, and part 
'of the nitre escapes the process of recovery. We shall refer to 
this subject, in detail later on. 

The supply of nit)’t must be regulated on entirely different 
principles, according to whether there is. an apparatus for the 
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recovery of nitre oifiiot. In the Matter case care m^st bo^aken 
not to have too iTiu(?h nitrc-j^ai> in the last chainbor ; for every- 
thing issuing from it is a total loss. Therefore the last chamber 
but one is kept strongly yellow or red, in order to promote the 
acid-forming proces.^, but the* last chamber onl)’ faii^ly velloV. 

The bottom-acid in that chamber, which is usually ke[)t at 
50"^ Tw.jOr even below, will parti); absorb the nitre-gas as nitr»c 
acid, and there will not be so much of it lost. This state of the 
last cham]jcr i^ aUained by giving it much steam ; but it will 
be seen at once that in this chamber very little work can be 
done unless a very great loss of nitre is suffered ; for only if 
the latter be present in large quantit)', the oxidation of 
sulphurous acid goes on all through the chamber. Therefore 
one of these two things must be done : either a large quantit)’ 
of rtitre must be sacrificed in order to utilise the last chamber, 
or the last chamber is jiractically used onl)' for recovering part 
of the nitre ; thus actually a third or a fourth of the chamber- 
space is sacrificed, and so much less sulphur can be burnt in 
that set. For all that, the last chamber is not merely a costly, 
but also a very inefficient apparatus for recovering the nitre ; 
even if used as such, very little below fo per cent., mustl)' 
above 10 per cent., of nitre in proportion to the sulphur must 
be employed in order to get a good yield. With poor, t^dly 
burning ores, of course, even more nitre is consumed, corre- 
sponding to the excc;^s of air. • 

These considerations will make it evident how much more 
rational it is to recover the nitre by a proper apparatus. We 
thus effect a saving of a fourth, up to a third, in chamber-space, 
at least one of two-thirds in nitre, and mostly also better yield, 
because up to the last*an excess of nitrous gas is present, 'ind 
no sulphurous acid can escape oxidation by it. In this way 
the escape of noxious vapours is also much more completely 
prevented. The ct^istructwn of the iiiitrc-recovatfy^ apparatus, 
and everything pertaining thereto, has been described in 
the 6th Chapter, Mere we shall only describe the way of 
managing the chambers themselves in this case. Supposing 
the set to consist of three chambers (the reader will easil)f 
reduce this to any other proportion by analogy), the first 
chamber into which, in afty ca.se, bofli tlKf gas froih fresh j>itric 
acid and that from thp nitfous vitriol arc introduced, whether 
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it bcVby njtre-ovens, or cascardes, or Glover towers, or steam- 
columns, will alwayj; have an GXf.c\s of nitre-gas. In spite of 
this the characteristic colour of nitrogen peroxide will not be 
perceived ‘in the first chamber, both because the sulphur dioxide, 
likc^vise pre^sent in excess, constantly reduces most of the NO., 
to colourless nitric oxide, and because the formation of 
sulphuric acid, principally going on in this chamber, generates 
in large quantities the well-known heavy white clouds. The 
whole atmosphere of the chamber is fillec;!, with these, and, 
owing to its opacity, its colour cannot be clearly itecognised. 
In the second chamber the atmosphere is already much clearer ; 
and as also there is very much less sulphur dioxide present, a 
portion of the higher nitrogen oxides will be perceived by their 
peculiar colour. There is, however, still so much sulphur 
dioxide present, that the mixture of gases in the second 
chamber will only show a more or less reddish-yellow. 

In the third chamber, however (in a set of more chambers, 
in the last— in a single chamber, in its last j^ortion), the nitre- 
gas should largel)' predominate. There should be very little 
sulphur d'loxide remaining here ; tUid before the gas issues 
out of the chamber into the Gay-Lussac tower the sulphur 
dioxide ought to be entirely removed from it. This is only 
possible by a large excess of nitrogen acids ; and as, according 
to previous explanations, there is also oxygen present (5 to 6 
per cent, by voliirRe), that excess will consist not only of colour- 
less nitric oxide, but also of red nitrogen peroxide. This is 
proved by the last chamber showing a dark red colour, some- 
times so deep as to be opaque. Even in the much shallower 
layer ot gas observed in the “sight” of the pipe leading to the 
absbrbing-tower the red or orange colour ought to be quite 
decided. Within the chamber the red ought to be not quite 
transparent, but dimmed by a mist of water. 

The co/o/t'’ of a chamber can bo observed by opening the 
manlids on the top or the clay plugs in its side, but in a much 
more convenient and accurate way by glass windows put in the 
sides of the chamber itself (as described, p. 701). As soon as 
•the last chamber turns paler, the cause of this must be sought 
for. It may be that it has got too much or too little steam or 
too clittle nitre ; but' <t is always a* sign that something is 
wrung; and by comparing the othbr symptoms, especially the 
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strength and the jiitrosity of the drips and boltc|n-ac^s, the 
special cause of the fault* vnust be got, at. Wrien tnc last 
chamber becomes quite pale, it is certain that a great loss is 
suffered by sulphur dioxide escaping from it ; and tl?e latter, on 
its way through tha Gay-Lu«sac tower, will even ijenitrate the 
nitrous vitriol contained therein, and cause a loss of nitre in' 
the shape of nitric oxide escaping into the outer air. ICvery- 
thing must therefore be done to avert the turning pale of the 
last chamber. ^ * 

Apart* from the colour, the gradual diminution of sul])hur 
dioxide and the increase of nitrogen acids in the chamber-gas 
as it proceeds on its way can be perceived from other signs, such 
as the suiell and the cJicniical analysis of the gas. The judgment 
by smell is so much more uncertain and inexact thai^ that b)' 
co?f)ur that it is not worth while to enter upon it in detail. A 
chemical anal\'sis of the gas would certainly permit the reaction 
in the individual chambers to be traced with ease and safet\’ ; 
but this plan is not usual, and even the best Continental works 
regularly make only two gas-analy.ses — that of the burner-gas 
before entering the chamljprs, and that of the gas lititilly leaving 
the ap[)aratus as it issues from tlie (jay-Lussac tower. It 
would give some little trouble to analyse the chamber-gas 
between as well ; nor is this necessary, since its colour gives a 
sufficient indication for the purpo.se in (juestion. 

As well as testing the chanihcr’acid for iUs strength, [t is of 
great importance to test it also for its nitrosi/y (percentage of 
nitrogen acids) ; and this forms a necessar)' complement to the 
observation of the colour of the chambers. L nder normal 
circumstances the percentages of nitrous acid (or rather of 
nitrososulphuric acic^ and of nitric acid in the chambcr*acid 
are so small that its quantitative estimation b)' the usual 
method is very inaccurate, especially because a number of 
impurities interfefe witl> the accuracy of the^ j^rocess. In 
practice, however, a simple and momentafily made colofinictncal 
test with ferrous sulphate is sufficient for the object in question, 
and we shall now describe this. 

When a solution of ferwus sulphate is poured upon the 
drip- or chamber-acid contained in a test-tube^ so that the 
liquids are not mixed, a*yellovv ring is •formed af the popit of 
contact, if traces of the higlier nitrogen are present. With more 
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nitro^^n oji'des the ring becomes darker; \/ith still more the 
whole ferrous sulphai*;e solution assumes a deep brown or black 
colour. In this case effcrve.sccnce readily sets in, the liquid 
getting hot, and the dissolved nitric oxide, with the black 
colour, being- driven off by the heat. With' some practice, and 
' always working exactly in the same way, it is quite possible to 
get a good idea of the percentage of nitre in the chamber-acid 
by its ap[)carance under the above conditions. The testing for 
. a set of four chambers can be carried but in t,his way A stand 
containing eight ordinary test-tubes of 5 in. height is once or, 
preferably, twice a day taken to the chambers, and the tubes 
filled u[) to about 4 in. with samples of the drip- and bottom- 
acids of each chamber ; at the same time the strength of each 
sample is taken by the hydrometer, and written on the stand at 
the bottom of each tube. The acid-samples arc then tested; at 
any convenient place, by carefully pouring on to each about 
half an inch of a concentrated solution of ferrous sulphate, 
which need not necessarily be free from ferric sulphate. By 
looking at the colours produced thereby, in their succession 
from chamber to chamber, by comparing the drips and bottom- 
acids, looking at the strengths marked below, and taking into 
account the colour of the chamber-gas observed through the 
winclows, a tolerably good idea of the process going on in the 
chambers is obtained. This certainly should be completed by 
an estimation of the sulphur dioxide in the burner-gas and of 
oxygen in the escape-gas, and also by testing the nitrous vitriol, 
elc., as we shall see in the next (’hapter. 

Kolb (/)////. Soc. bid. Mulhoitsc, 1872, p. 309) gives a few 
analyses of chamber-acids, confirming what has just been said. 
They refer to an old-fashioned set without Glover tower and 
with nitric-acid cascades. 
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REAC'MONS FOk JJUUK 


(1^ acid from tUb first or dcTiitratin” tamb()iir| win^rc the 
sulphur dioxide of* the burner-gas meets ft he acid of the last 
chamber and the Gay-Lussac tower; the same^when the 
chambers were short of nitre; r, acid from the tambour where 
the fresh nitric acic^ ran ovef the “cascade” (excels of nifre) ; 
d, the same, short of nitre; c, acid of the “large chamber”; 
/, acid of the last chamber, norm%il process; the same, large 
excess of nitric acid — li(]uid green and nitrous ; //, the same, 
normal pr^ces:^ • 

The Allowing rules may be laid down for the rciUtiofis 
on nitre udiieJi the various samples of aeid from the ehaiubers and 
drips ought to shoiv. Generally speaking, all drips ought to 
show more nitre than the corresponding chamber-acids. Fhe 
former represent the process going on in the atmosphere of the 
chjfmber, whilst the latter should act upon the nitre b)’ their 
greater dilution, and actually do so. d'he bottonvaeid the first 
or leading-chamber not to show any nitre whatever; if it 

does so, it is a strong indication that the supjily may be 
shortened, (It must be borne in mind that a slight ^jiiantity of 
nitre, which can be discow^red by finer tests, is nearly always 
present even in the first-chamber acid, but the above-described 
rough test ought to show none at all or very little.) Ihit first 
it must be ascertained if, on the other hand, the drip ol^this 
chamber does not show any nitre; for in this case we must 
infer that there is t»o little steam in the ciiamber, and that 
consequently the nitrous acid has been absorbed by the 
chamber-acid. Mostly this will be confirmed by both drip- anti 
bottom-acid being too strong; and then more steam must be 
given. If, however, both samples from the first chamber show 
nitre, some of the latter must be cut off, unless the supply has 
just been increased becau.se the last chambers did not show 
enough ; in this ca.se the suppl)’ of nitre cannot be cut down till 
the last chambers fiave qutte recovered. ^ 

Sometimes the acid of the first chamber smells, on the 
contrary, of sulphur dioxide ; if this is the case t(; any 
appreciable extent, there is a deficiency of nitre in tliat 
chamber. 

The middle chambers ought to jjiow already a^Caint reaction 
of nitre in the bottom-ac*id and a stronger one in the drips' the 
last chamber, in any case, *a moderately strong reaction in tl^p 
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botloi^j-acicf and a very strong" one in the drips. In this case as 
well a deviation frorft the rule may proceed from various causes. 
For instai]ce, the last chamber may be pale, and yet its bottom- 
acid may ^ivc a strong nitre-reaction. This may happen both 
if there is <too much and if there is too little steam in this 
chamber : if the bottom-acid is too strong owing to the want of 
steam, it will dissolve too much nitre; if, however, there is too 
much steam present, that phenomenon will take place which, in 
'chambers working without an absorbing-tOwer, is, purposely 
caused : nitric acid will be formed and will dissof\^e in the 
bottom-acid. Both faults are easily avoided if the last chamber 
is not kept weaker than 90 nor stronger than 1 10 Tw. ; but 
sometimes insufficient draught may cause these faults as well. 
If, on the contrary, the last chamber still appears red, and even 
the drips still .show nitre, but the bottom-acid none, this is' an 
indication which must be instantly met by increasing the supply 
of nitre ; otherwise the chamber itself will soon become pale. If 
both indications coincide, viz., a pale chamber and a ceasing or 
weakening of the nitre in the drip, this might still be due to an 
excess of steam ; but rarely will it be so, as anyhow that 
chamber docs not get much steam. Three other explanations 
offer themselves — too little draught, loo much draught, or too 
littlo- nitre. Whether the draught is insufficient is most easily 
tested by estimating the oxygen in the escape-gas ; whether it is 
too lai^ge, by estiniating the sulphur dioxide in the burner-gas ; 
but in the case of very leaky chambers, which properly ought 
to have been stopped already, air enters directly into them, as 
is proved by the oxygen coming out too high in the escape-gas. 
Where no gas-analyses are made, the, formerly mentioned 
^ external indications for judging of the draught are taken into 
account ; but these are far more deceptive than gas-analyses. 
When the draught is not large enough, the nifric oxide docs not 
meet enough bxygen fo bb oxidised it is colourless, and, owing 
to its insolubility in strong vitriol, is altogether lost. This will 
be recognised by the appearance of red vi^pours on the gas issuing 
out of the chimney, where the nitric oxide is oxidised by the 
atmospheric bxygen, whilst the ‘chambers themselves, where 
oxygen is mc^ssing, become pale. When there is too much air 
present, the nitrogen 'acids arc carried away mechanically, 
tCid the chambers equally lose their coloiir; at the same 
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time sulphur dio.^ide y,ocs awaV, as it has not ^ime-^lo be 
oxidised. • • 

Insiijjuii'fit fonniitiou of sulpJnirio <hi(i in the iVoin 

other causes, such as want of nitre or eiiterinij of air through 
chinks in the chamljcr.s and* mechanical carr\'ing »way of gas, 
will frequcntl)' react upon the banurs, sinct‘ b)' the iiisufijcient 
condensation of gas the draught ^roin the burners towards the 
chambers is diminished. ^ I'hen all the appearances will take 
place whijh a;e enused by very bad draught in the burm rs, 
especially* incomplete burning and formation of scars, which, 
again, weakens the draught. In this case as much nitre as 
possible must be given, in order to force a bettm' formation of 
sulphuric acid ; and, if necessary, even the burner-charges must 
be diminished. 

^kit if the last chamber becomes pale, the draught being in 
order, and if its acid shows little nitre, it is due to want of tlu* 
latter, aitd more of it must be introduced till the normal state 
has been restored. This will be confirmed by testiny; the nitrous 
vitriol, which will no doubt show a diminution of its nitre. 
Undoubtedly .several circunistances often act -at the same time, 
and make the process a complicatcal one. If, for instance, thewe 
is too little draught, so that, instead of N .O-t, only NO or even 
SO.^ get into the absorbing-tower, not only will the dr;i*ight 
have to be increased, but more nitre will have to be given as 
well, in order to make n{) for the lo.ss. Just*in the same way, 
when the nitre-gas has been mechanically carried away by an 
excess of draught (in which ca.se, owing to its dilution, the Uay- 
Lussac tower cannot entirely retain it), iKjt only will the 
draught have to be ipoderatcd, but more nitre will have to be 
introduced till everything is in order again. , 

An e,irfss of nitre is detected by the colour of the chambers 
being too dark, by the strong nitrosily of the acids, and by the 
fact of the Gay-Lus*sac acid showing the j^re.sence^T* nitric acid, 
consequent upon an excess of N./.)j in thela.^t chamber. 

We thus see that, ir\ nearly every case, when anything goes 
wrong in the acid-chambers, an increased supply of nitre is at 
least temporarily necessary in* order *to restore the etjuilibrium* 
although the other two regulators^ steam and d|4iught, must 
always be taken into account at the same time ; it is*therfiforc 
very important tlfat the possibility be afforded of temporarily^ 
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introcKjcingiimuch more nitre ^nto the chami)crs than is neces- 
sary in ordinary vv»ork ; and every factory ought to possess 
facilities for it. If this should not be the case to a sufficient 
extent, and if without danger to the chambers it is not possible 
to ifitroduc(i as much nitre as thc^’casc cabs for, then nothing 
remains but to diminish the burning of brimstone or pyrites for 
a time, and to allow the chamj 3 ers to recover their normal state 
by easing them in this way. 

At some of the best-conducted wOrks h is nqt thought 
sufficient to judge of the supply of nitre by the colour of the 
chambers, the testing of the drips, and so forth, but a system is 
introduced of constantly checking the amount of nitrous vitriol 
supplied to the Glover towers, its strength, and the amount of 
fresh nitre or nitric acid introduced in comparison with the 
amount of sult)hur burnt, in order to keep the quantity of mtre 
present in the chambers at as constant a figure as possible. As 
an example of the way in which this account can be kept, I give 
the following figures, taken from an actual day’s work in a well- 
conducted Continental factory : — 



Skt No. I. .SuT .N'o. II. 

Pyrites charged, kl. 

Containing sulphur, less quantity, left in 

10812 

10000 

cinders • . . . . 

4993 

4735 

^itroiis vitriol used, kl. .... 
Average strcngtli, expressed in nitric acid 

10138 

10268 



4-86 

4-37 

Equivalent to acid of 3C' Ik\, kl. 

493 

449 

Fresh nitric acid supplied, kl. . 

200 

186 

Total as nitric acid 36" Be., kl. . 

^>93 

635 

Equivalent to 96 per cent, nitrate of soda, kl. 
96 per cent, nitrate introduced for each too 

520 

476 

parts of sulphur burnt 

10*4 

10- 1 

This quantity, that is, about 10 parts of 96 per 

cent, nitrate 


to ICO of sulphur, may be considered a minimum, and only 
admissible where the chamber-space is very ample — say, about 
24 cub. ft. per lb. of sulphur. With less chamber-space, much 
more nitre, equivalent to 1 5 or even 20 parts of 96 per cent, 
nitrate of soda to icx) sulphur burnt per diem, is put through 
the system. ' P'or the “ high-prcss\irc style ” (v. p. 639, etc., etc.) 
up to 25 jiarts of nitre used; but this involves a corre- 
spoitdingjy large nitr^-rccovery apparatus, without which the 
jvaste of nitre would be very serious. « 
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Pemberton (/. Soc. Lhem. lud., 1883, p. 414) (|iK[les ti)Uil 
supply of 15 6 parts of nitre passing througfi the cliambcrs for 
every 100 parts of sulphur burnt in the shape of brim.^one, with 
19-2 cub. ft. per lb. of sulphur. In this case a (}a)-Lussac 
tower was used ; wKilst in three other cases, where* tliere was 
no Gay-Lussac, from 8 to 10 parts ol nitre were consumed, but 
with 268 to 357 cub. ft. of chamber-space. As he gives no 
details as to yields, his figufes possess ver\' little- value. 

Benker«(coriim{ln., 1902) emplo)'S as a rule 13 parts total 
NaXO,. to *100 sulphur burnt in twenty-four hours. With very 
well constructed chambers {c 1 \ his views on that point, p. O25) 
this quantity ma\- be lowered to 9 or ie> parts, but with wider 
chambers it must be raised to 18 parts NaXO... 4'his allows 
with “high-pressure work” to make 8 or 9 kl. acid ot i lO Tw. 
per cb.m, of chamber-space (say, 0-3 to 0 37 ’b. H.^S04 
cub. ft.). When starting a new .set of chambers, the first care 
is to see that the above quantity of nitre is [)rovided. ((/ 
also the statements of Davis, p. 640,) 

Proposals for Modifyinpm the Onliuary ll f r of Supply niy 
the Chaiubers loith Xi/re. 

A proposal made by the Manulacture de Javel (B. P. 1752, 
of 1882) seems to be worth)' of more notice than it has receded. 
The nitre is not to be introduced into the leading chamber only, 
where the temperatui'e may thereby become •e.xcessivel)’*high, 
but to a small extent also into the following chambers, whose 
temperature is sometimes too low. Even the acid for feeding 
the Gay-Lussac tower is to contain a little nitr(‘, in which case 
no SO.j can escape through the tower. 

The United States Lhemieal Company, Camden, X.Y. 
(Amer, P. 325262, of 1885), injects nitrous vapours into the last 
chamber, after having first injected .steam, in order to counter- 
act any too strong reduction of the nill-og^n-oxidds. , 

Starting from a contrary view, Henker ( H. P. 1 168, of 1895 ; 
cf. Kienlen, Mouit. Scicnp, 1895, p. 31 1) injects SO, (in the shape 
of gases from the front of the first chamber) into the last 
chamber, in order to remedy* the drawback, occifrring in the* 
“ high-pressure work,” that vapours ^jf arc fomied which, 
as he believes, are not* sufficiently absorbed in Uie Gay- 
Lussac tower. These lire to be reduced to N.,03 by SO.^. Tfiii^ 

^ f) 
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is cvklentlg/ the same principle as that iitv^olved in Benker’s 
former process (p. 839) ; the only difference is that 
he injected the SO^ immediately in front of the Gay- 
Lussac tower, and that Bcnker now sends it into the last 
chamber. In regular work this process might act injuriously; 
but in cases where there is an. excess of N.,Oj it may do good. 
According to a communication from the inventor (1902), this 
process is fiot applicable where there is a great distance between 
the first and the last chamber, in which casc »the SO^.. contained' 
in tile gases aspirated from the first chamber by moans of the 
injector, is changed into H^SO^ in the connecting-tube. 

The Swiss Societe le Nitrogene (Fr. 1‘. 404071) replaces 
nitric acid in the lead-chamber process by a mixture of nitroso- 
sulphuric acid and nitric acid, obtained by thoroughly saturating 
concentrated sulphuric acid, of 75 per cent. SO.j, with nitfous 
gases diluted with a great extent of air or an indifferent gas. 

Ti'vipeniiurc of I he Vitriol-Chambers. 

At every sulphuric-acid works the temperature of the 
chambers is a subject of constant observation on the part of the 
attendants, and it is generally understood that the regular and 
economical working of the process is intimately connected with 
keeping the temperature at a certain height, different in 
different parts of the same .set of apparatus, and considerably 
varviiig in analogous parts of the apparatus at different works 
but to be kept as nearly as possible equal and constant in the 
same place. The care with which the observations of tempera- 
ture arc made certainly varies very much. In Germany for 
many years past thermometers have been fixed in several parts 
of 'the chambers, generally near the “drips” (p. 698), and their 
readings arc regularly recorded. In France and particularly in 
England this has been very much less the case ; even in large 
and othcr\Yi^ very wcll-hianaged wbrks chkmber-thermometers 
were frequently not to be found even in recent times, and it 
was often thought sufficient to test the temperature of the 
chambers by putting the hand upon the lead. It is hardly 
'necessary to' say that the latter prian is decidedly faulty, and the 
small expense and trouble^of applying and using thermometers 
ought n^ver to be shiihned. 

^ This is independent of the question, whether a certain 
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temperature is or h nut the theoretically best for tl:e pn^css of 
sulphuric-acid making, and whether this "is the <v7//.sr, or the 
of the economical working of the chambers ; there is 
no diversity of opinion as to the fact that all causes leading to 
a faulty process iict eithet directly or indirectly on the 
temperature of the chambers, and that the observation of the 
latter is one of the most important guides for judging of the 
proper working of the acid-making [)rocess. 

Considerably diversity of opinion exists concerning the />rs/ 
tcuipcratnh for the ihamhcr-proccss ; but there is no doubt as 
regards some general facts. The temperature of ever\’ chamber 
diminishes from front to back, and naturally even more that of 
the last chambers compared with the first. All these differences 
in the normal process ought to be constant. The first chamber 
wilPbc generally so hot that it cannot be touchtcl b)’ hand fi^r 
any length of time, say 50' to 65 C. : in the absence of any 
cooling-apparatus, Glover tower, etc., the heat becomes so high 
that the lead cannot be touched with impunity; but in that 
case the chamber will not last very long. The secon^l chamber 
mostly shows on the outside hardly more than blood-heat ; 
thermometers with their mercury-ve.s.sels inside the chambers 
show from 40° to 60' C. The third chamber, if it be the last, 
will outwardly show little or no difference in temperature from 
the surrounding atmosphere ; inside its temperature varies from 
40 to 30C and below {hat. * * 

At the Aussig works I noticed in September that the 
tambour showed 60 ; the large chamber in its first part 45 , 
in its last part 43 ’ ; the first back chamber 30", the last (kept 
without any steam) 20^ C. 

At Stolberg (1902) the maximum temperature in the front 
part of the first chamber was 70 to <So C. in summer, and 10 
or 15'' less in winter. 

At Oker, in iSgf, during the cold Va-^on, the ?ir§t chamber 
showed 70’' in front, 60' in the back ; the second chamber, front 
50°, back 44"; the third ^chamber, front 35 , back 25 . During 
the summer season the temperatures are 10' to 15 ' higher in 
the front, s'" to 10" higher in thb back' part * 

At Salindres the leading chamber is kept at ag» average of 
65° in summer, of 55 ’ in winter. This is a refutation to *lhe 
assertion of Favre* Scient., 1876, p. 272), according to* 
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whom Vii th[' south of France the rhamber^Frocess is already 
disturbed at 65 . ifut it is true ‘that many skilled charnber- 
mana^^ers prefer working the leading chamber as nearly as 
possible at 50 to 60 only. 

c Dr Stahf informs me that in a set of three chambers for 
brimstone, working without a Glover tower, but where part of 
the heat of the burner-gas was' employed for concentrating acid, 
the temperatures ranged as follows: — 

fn the first chamber, near the entrance ofthc ga^,, from 8o‘ 
to 90 C., according to the outside temperature. 

In the second (main) chamber, in the middle, from 50 to 
60 C. 

In the third chamber, about 10 C. above the outside 
temperature in summer, and 20 C. in winter. 

The numerous observations communicated by Crowder 
(/. S(>i\ Chem. hid.^ iSpr, p. 301) contain nothing of importance. 

The opinion expressed by II. A. Smith, according to whom 
the best temperature would be nearer lOO'", is not based on any 
valid reasons, and seems to be shared by very few practical 
men ; on the contrary, such high teftlperatures arc universally 
assumed to be extremely injurious to the chamber-lead, and are 
carefully avoided. In Europe, 90 or 95 is probably the 
maximum temperature employed anywhere; but in America 
1 found in one place, where zinc-blende was burned, a 
temperature of 100", and it was asserted that this chamber (of 
course, the first of the .series) suffered less than the last; but 
they had only a few years’ experience at that works, so that we 
cannot accept that statement as conclusive. 

.The limit of temperature is by eSchwarzenberg put at 
^ 40 to 50 C., because otherwise there would not be a sufficient 
quantity of water remaining in the state of vapour; he asserts 
that in cool weather a set of chambers is less easily started 
than in wa.an weather, and that in winter more nitre is used 
than in summer. I must contradict this assertion of Schwarzen- 
berg’s, both from my own and from many other practical men’s 
experience. ^ Unless the temperature of the chambers sinks so 
low that ice is formed in them (which may happen in back 
chambers kUpt without steam), no exc^ess of nitre is required in 
wiji?er ; on the contrary, at all wefl-managed factories known 
to me it is asserted that they regularl}^ require less nitre in 
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winter than in simmer, and that the work alloj^ethcr i^roceeds 
better in the cooler season. ^ 

VVe have also seen (p. 730) that it is a mistake to assume 
that the water exists principall)' in the state of \'aj)our within 
the chambers. 

A most remarkable case is pre.sented at the h'rciberjr work.s, 
where the coolini^^ of the burner-^as, in order to condense the 
arsenious acid, is carried on so far that the temperature is 
equal to that of the outer air, and in winter the j^ases often 
enter thij chafnbers at o . In spite of this, no inconveniimce 
is felt, and no special contrivances or precautions need be 
employed ; the temperature within the first chamber .soon 
rises to 60 and upwards. 

On the other hand, it camiot he doubted that thiTe is at all 
events an upper limit, be\ond which the temperature of the 
chamber oiu^ht not to j^o. Wc* have seen in (Chapter Ill.([). 
346) that with the same gaseous mixture a comparatively sli^dit 
ri.se of temperature, from 70 to 80, is sufficient to convert the 
oxidation of NO to N.O. into a reduction of N,. 0 ., tfj NO. 
Unfortunately we do not )et know the conditions of the 
process to the (!xt(!nl necessary for // (priori fixin^^ the upper 
limit of the temperature of the chambers with any approach to 
certainty. 

In normal circumstances the tcmjierature of the* first 
(leadin‘4) chamber wiH have a direct relation, to the cjuaytily of 
work put upon the .system. Whilst with the ordinary allowance 
of 30 cub. ft. of chamber-space per lb. of sulphur the norm.al 
temperature is, as befm'c stated, from 50 to 60 , or at most 
65 , it is, with forced work (15 or 12 cub. ft. per lb. of sulphur), 
80' at the inlet and lises to 90 or 95 further on ; even a> the 
outlet it is still 1 5 or 26 over the temperature of the ambient air.* 

Benker (communication, 1902) considers a difference of 
10’ C. between tht*»inside rand outsit]^.* temperature in the last 
chamber as a mark of excellent work;* 18 or 2(? should be 
never exceeded. He regularly fixes a thermometer on the 
outside as well as one ihside, a course much to be recommended. 

The temperature of the ^hamb^rs depends ^ipon varioiw 
causes. It is raised by the heat of the burner-gases, by that of 
the steam introduced, find (in a* far*greater rtitio) b}4 the 
chemical reactions of the •acid-making process ; .sometimes, in 
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hut co^intries and in unjjrotccted chambers, by the heat of 
the sun. Pkrt of this heat is withdrawn by the radiation from 
the thin and quickly conducting leaden walls of the chamber, 
also by the heat contained in the escaping gas and in the acid 
dra\^n off. <The loss of heat by ndiation will vary according 
*to the season, to the wind, etc,, but, of course, much less with 
chambers enclosed in building, s than with those exposed to the 
weather. Since for a given time both this influence and the heat 
, ‘brought in by the burner-gases and withdrawn by^ the exit- 
gases and the acid manufactured vary but little, vhe inner 
tem[)eraturc will [)ractically be governed by the intensity of the 
chemical reactions. 

The facts now stated prove by themselves that, as I have 
urged before, frequent observations of the temperature of the 
ehambers are of ii^reat importanee for the proper managemeni of 
the process. Although the temperatures at the various parts of 
the apparatus show very great discrepancies at different works, 
they arc almost constant in the same set of chambers, so long 
as everything is in good working order ; and for this rea.son 
any consicfcrable rise or fall of tha chamber-thermometer, to 
the extent of say 5 ' ('., is a certain sign that there is some irre- 
gularity which should be remedied. This indication is all the 
mor^ valuable as it is instantly observed without requiring any 
tests or loss of time, and it is accessible to any ordinary 
working-man without the aid of a chemist. 

One of the most systematic series of observations of the tem- 
peratures in different places of a set of chambers was made at 
the Uctikon works by Lunge and Naef [Chem. Ind,, iSXq.p, 17). 
Three readings were made every day, and the following arc the 
averages of a prolonged period, both for (A) moderate duty of 
chambers (4-4 tons pyrites for 139,000 cub. ft, or 29 cub. ft 
per lb. of sulphur), and for (B) intense duty of chambers (6 
tons pyriteg, ftr 20-8 cub.' ft per lb. Of sulphur). The strength 
of the acid in the “ drips ” fixed near the thermometers is also 
indicated. The extreme variations of the chamber-tempera- 
tures, of which only the averages are given here, did not exceed 
3” or 4” C. I'he temperature of the outer air varied far more, 
viz., 3 to 17,'" in the fourteen days’ working of A, and from 5*^ 
to 2S C, in the ten* clays’ working of B ; but this did not 
influence anything except the last' chamber. The chambers 
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had all the same width (28 ft. 4 ill.) and height (23 ft.); ^11 i the 
leading chamber was 138 ft, the second ft., and the tliird 
36 ft. long. 


F’ipe comin;^ from ^ilovcr tower 
I Front of leading chamber, near bottom 
I Middle ,, near bottom 

M ,, midway up 

! M ), near top . 

I Pipe Ix'tween first and second clianil»cr 
I Second chamber near bottom 
I Pipe between second and third cbamlxr 

Third chamber 

Outer air 


Modoi 

A. 

(itH duty. 

U. 

duty. 

’IVmi). 

St nuiglli. 

Trriii. 

<’■ 

StrciiK’tli. 

e. 

'I’w. 

Tw. 



7.5 


60 

123 

^’9 

1-23 

f )0 

112 \ 

7» 

I If) 

f. 1.8 1 


73 


^>4-5 

1 If) 

7b 

lib 

45 

119 ^, 

57 


3- 

116 

41 

Ilf) i 

27 


35 

1 19.1 

1 

1 16 

24 

' Ilf)" 

9 1 


12 

1 - 


This shows in t 1 ic first chambers a difference of from 9 to 
12" between moderate atul intense duty of the chambers. The 
temperature was very distinctly influenced by the ^luantity of 
nitre: with strongly red chambers it was much higher in the 
front than in the back part; with paler chambers the difference 
was less, the reaction also going on more equally. At the top 
of the first chambers the gases were from 4 to 5 hotter*than 
at the bottom, but ga.sranalysis showed that the gases were not 
richer in SO^ and 0 in the former than in the latter case.* 

Further experiments were made on the cooling-influence pf 
the radiation from the chamber-walks. The following are the 
averages of .seven day. s’ observations at distances of 10, 4, and 
2 in. from the chamber-side, with an average outer temperature 
of 19^ : — 


Pipe from Glover tower . • . 

Front of leading chamber . 

Middle ,, near bottom* 

,, ,, midway up . 

„ H near top 

Second chamber . . 

Third chamf>cr . . • # • 


nintancn from cliamlxr-side. 


10 in.* 

• 

4 in. 

1 2 in, 1 

I 

7^ 



72 

i 71 

69 '^ I 

• 74 

i 73 * i 

70 •, 

76 

: 75 

73 i 

, 80 

1 79 / 1 

77 i 


! 51 * 1 

; 

33 

i 33 1 

3 .% , 
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At an outer temperature of 19'', therefore, the cooling 
between 2 (.and 4 ip. from the cl;iambcr.side averaged only a'’, 
between 4 and 10 in. only i''. At lower outside temperatures 
of course’ the cooling action would be somewhat stronger. 
Greater differences were found wf^en the fojlowing observations 
‘ were made in the centre of the chamber by lowering a 
maximum thermometer by ^ means of a wire through the 
chamber-top and reading off at the other places as before 
. (the table gives the average of ten observatjons, at an average 
outside temperature of 18 ) ; — ' 


ldp(‘ from the Glover tower . 
lo om of leading chamber . 

Middle of ditto, 10 in. from side, bottom 
„ „ „ „ midway up 

„ „ „ „ top 

„ „ centre of cliamber, bottom 

n M o midway up 

„ „ „ „ top 


Second chamber 
'fhird chamber 


73 

69 

70 
72 
76 
75 
78 

•So 

50 

29 


This shows a difference of 5 between the centre and a place 
10 in. from the sides, so that there would be 8 between the 
centre and the side.s. This would 'seem to indicate that the 
hot current of gases moves less quickly in the centre than near 
the sides, and it agrees with the fact that the percentage of SO., 
and'O in the centre is greater; that i.s, that the reaction is less 
advanced there than near the sides in the same transverse 
section of the chamber. This would agree both with the theory 
qf Abraham (to be mentioned further on), according to which 
the ga.ses move in a spiral course from the front to the back 
end of the chamber, and with that of Sorel, as we shall see in 
Chapter IX. 

The preceding observations clearly show that the chemical 
reactions produce a rise of the temperatures, as the heat of the 
gases in the middle of the leading chamber near the top 
exceeds even that of the gases arriving in the Glover tower, 
in spite of the cooling action of the air traversing a distance of 
70 ft. from the front to the place of observation. This is con- 
firmed by special observations in the fore part of the chamber, 
where the formation of acid is mo.st energetic : — 

I Uottoiii. Midway. Top. 

»■ ';3 ft. from front emf' . . .* 80-5 81 

• ‘ „ „ „ . • . 75 78 80 
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Special interes"^ is also alTordcd 

by observations 

maic to 

ascertain the effect of using either 

steam ^or a spr i r 

e/ liquid 

water for feeding the chambers. 




.'^tcain. 'Valer-spray. 


(» >iitvr l<*mp. (Outfir temp. 

1-J.) -4.) 

Pipe from (Hover tower 

. b‘) 

V. 

73 

Leading chamber, bottom 

. 71 

73 

„ ,, midway 

• 73 

75 

„ „ top. . 

. 76 

7H 

Pipe irom fkst to second chamber 

• 57 

6 S 

.Seco/!d chamber 

. 41 

53 

Pipe from second to third chamber 

. 36 

47 

Third chamber 

. 24 

3 * 


It is true th;it in the second ease (water-spray) the outer 
tenr^)erature was 12 higher than when using steam; but we 
have seen above that this influences especial!)’ the first 
chambers but little, and we may thence conclude that there is 
no sensible (lifference in temperature between the a[)plicali()n 
of water as steam or that as li(]uid spray. All this confirms the* 
paramount innucnce of the chemical reactions. , 

The following diagrams, Figs. 33,:; to 337, show the just- 
mentioned results graphically, the length of the chambers being 
approximately represented. In h'ig. 333 the thick line 
represents the temperature-curve for a normal dut\’ (20‘.S^ub. 
ft. chamber-space), at rs ('. outer temperature; the dotted line 
for moderate duty (29 cub. ft.), at 9 C. outside ; the upper faint 
line the temperatures observed with a liipiid water-spray at 
24" outside. I'ig. 334 gives the temperatures, obtained in the 
same series of experiments, as observed in the same transverse 
section near the bott>um, midway, and near the top (the IJnes 
have the same meaning as in the preceding figure). Fig. 335 
.shows the temperature-curves in the longitudinal section of the 
chambers ; the dotted line^reprc.scnting the observations taken 
at midway height, the thin line the bottom^iand the tlfick line the 
top. They show* very clearly how the temperature is raised by 
the chemical reactions ; near the bottom and at a midway height 
it begins to fall in the second^quart^^r of the leading chamber 
but at the top it keeps up as far as midwa\ . Fig. 336 shows 
the temperature at different height? in .the centrd*of the ^first 

chamber ; the dotted line at a di.stancc of 33 ft., the flnek Ijnc 

• • 
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at 66, ft trom the front end' Pig. 337 sh(^>ws the increase of 

teinpcratuife from the outside towards the ihside (cooling action 

of the walls. 

( 





85" 


i . + - 

_ 

8(1" 




75" 



n 

7lf 

- 

; 



-- 

- 


ciSi 


1: L_J 



bottom midway 
Fig. 336. 



Fig. 337. 


PZscheHmhnn (/. Soc.^Chem. //id) 1884, p. 135) has examined 
numerically the relative influence of steam and nitre on the 
temperature of the chambers. The following is a summary of 
his investigation. Taking the drips in the first chamber = 130'* 
'Tw., this corresponds to ‘the compound H^SO^, 2H0O (mole- 
culc=i34)„or to an cvol^ition of 53480+9418 = 62898 cal. for 
I34g. of that acid. ‘T’he 54 g. of sleam, at 125° C, required 
foV forming I 21120, represent 34809 cal. We+vill now 
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assume that more ^.team is iiitrotluccd, and we will [)yt an 
extreme case, viz., the furmation of ^ILO. This 

means another i8 steam of 125=11^3; whilst by the 
reaction H.,SO„ 2 HX)-h H, 0 , 17^9 cal. are evolved. We must, 
however, deduct the heat co 'responding to a cha#nber-tcm- 
peratiire of 50 =50 087 cal. per gramme of water, which is left 
in the product, and we thus arrive ..t the followinij^ figures 

The formation of: 

1 1 *S()„ £ H X) evolves 62898 H 32 105 ^ 9500 ^ ( ill. 

II-SO,, 3H H 95003 ^ 10702 i- I 729 107-13.} Cill, 

Taking the gas entering the chambers to contain 6 vol.s. 
SO.^ in 100, this means introducing in the first ca.se 3x6 vols. 
II^O, and increasing the total to iiS vols.; in the .second case 
4x6, vol.s. of water, or a total of 124 vols. Thus we have— 

I'or 1 18 vols. an evolution of (J5003 cals. ; 1 v<.)l. 805. 

‘-'I M ,, J07.}3| ; I „ 867. 

Now taking the chamber-temperature at 50 , the outer air 
at 1 5 , the difterence of 35 must be produced by the above 
reactions, 'I'he proportion t^05 : 867 : : 35 : 37-6 shows us that 
introducing so much more steam that the quantity of water in 
the sulphuric acid is increa.sed by a whole molecule (;ind thus 
bringing down the drips from 130^ to no d'w.) make* a 
difference of only 2 -6 f;. in the chamber-temperature, d'he 
maximum variation produced by changes •of the outside 
temperature, even in summer, when they are greatest, were 
not found to exceed 5' C. On the other hand, the following* 
observations were made concerning the influence of the nitre on 
the chamber-temperature. Two sets of chambers, burning about 
equal quantities of pyrite.s, were supplied with their nitre 
exclusively by means of nitrous acid from Gay-Lussac towers, 
and therefore in a continuous fashion, while all the potting of 
fresh nitre was done in a*third, lar^fer, of ffhi^mbers, at 
intervals of two hours. Now the two small .sets show no 
variation of temperature pxcept what is due to the variation of 
the surrounding air, namely, between 50" and 53 C. ; but the 
large set shows a regular variation from 48 to 68 (!., the lowesi 
temperature occurring immediately iieforc potting^ when the 
first chamber is least supplied with nitre, and slowly rising aftei 
the potting of frcslf nitfe. The thermometers were inserted al 
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a distance of 22 ft. from thee "as-inlets ; the temperature of the 
gas Jiiterjiig was, 35'’ C. The^ diiTerence between the small, 
continuously supplied sets, and the large, intermittently supplied 
set, so frfr as temperature is concerned, cannot be ascribed to 
any other^ cause than the continuous or intermittent supply of 
nitre. This was conclusively proved by a special experiment in 
which one {)otting was missgd, so that the only supply of nitre 
to that set came from a small (juantity of nitrous vitriol running 
down the Glover tower, amounting to but, 20 per cent, of the 
regular supply. In this ca.se the temperature o'l the gases, 
entering at 35 , rose only to 41 , the strength of acitl at the 
drips fell rapidly, a large escape of sulphur dioxide took place 
at the Gay-Lu.s.sac tower, and the chambers worked very 
irregularly, until not only the mi.ssed nitre was put in, but an 
additional quantity required to compensate for the nitre Ic.st by 
reduction to nitrous oxide. K.schellniann’s experiments arc a 
strong argument in favour of the C'ontinental plan of feeding 
the chambers with nitric acid. 

Sorel {/. Chem., 1889, P- -70 hnind that the 

differenct} of temperature between Jhe front and back end of the 
first chamber, measured 5 ft. above the bottom, is only 2 \ which 
is accounted for by the fact that- the heat produced by the 
chemical reactions is only slowly abstracted from the gases by 
racliation from the walls. The .space clo.se to the lead walls is, 
of egurse, coole.'it (</ F’ig. 337, p. 944) ; from here towards the 
interior of the chamber the temperature increases quickly, and 
• in many ca.ses reaches a maximum at a di.stance of from 4 to 
6 in. from the wall ; after this it first sinks and then generally 


rises again towards the centre. Unfortunately, 

not many 

observations were made ; but we will (^uote that 

series which 

is fullest (the temperatures, as remarked by Sorel himself, were 
extremely high, the season being ver)’ hot) 

Clo.se to /Jie lead . 7 'S 

•5 79'’7 

At 2 * cm. distance ..... 

. '84 

11 4 M » • • • 

9> 

^ M >I ■ • • , • 

• 95’2S 

,, 8 „ „ 

. 95*25 

„ 10 j, „ 

. 98-3 

,, 12 „ 

■ 97-3 


, Sorel bfclievcs than this difference of temperature is strong 
evidence in favotir of Abraham’s tsheory of^the path taken by 
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the ^ases within the chamber (sec below); he also maj'.cs a 
most important use of it in his own tlicory of the founation of 
sulphuric acid {cf. below). 

We must also mention an iibnornud sUitc of /hinos which is 
sometimes observed, namely, a ra[nd sinking of the tefnf)erature 
of the first chamber, whilst that of the last chamber rises far 
above the proper dei^o'ce. This is always accompanied by the 
colour of the ^ases getting paler, first in front, then also 
behind, so that even the last chaniber may become (juite L;rey, 
At the sam^ time there is a j^o'eat deal of liquid condensin;^ on 
the glass of the “sights." Ultimately the (juantily <4 sulphur 
dioxide going away unoxidised ma\’ become .so large that the 
nitrous vitriol within the Gay -1 Ais.sac tower is denitrated, and 
the nitric oxide escaping, on contact with the air outside, forms 
dense red clouds. This state of things is brought about by all 
the causes which disturb t.he proper process -want of water, 
want or excess ol steam or of air: all of these tend to keep the 
process back, so that the first chamber docs too little, and the 
last chamber too much work. An examination of the composi- 
tion of the ga.scs at the inltt and at the outlet, as wadi as of 
the strength and nitrosity of the drips, will lead to localising 
the cause of the disaster and admit of applying the ()roper 
remed}'. Usually, together with ail other remedies, a fri^sh 
supply of nitre must bq given, in order to get up the tem- 
perature of the first, and reduce that of th<? last chamber; 
that is, to bring back the maximum of production to its proper 
place in front of the apparatu.s. Where it is impossible to* 
get enough fresh nitre into the chambers, the pyrites-burners 
must be kept back, ^to diminisli the amount of suljjhide 
dioxide in the chamber atmosphere. At all events, the indica- 
tions of the thermometer in the /as^ chamber are very 
important; if it rises above the normal point, the proportion 
of sulphur dioxide t8 that ?)f the nitrbus ga.scs ^nci steam is 
sure to be wrong, and should be remedied at once before 
mofe mischief is done. 

Cooling the Chambers. — lTatt(Amer. P. 7 1 5 142, 2 nd December 
1902) cools the chambers, towei% flue?i, or conduits by a cooling* 
medium without bringing them dire^rtly into contact with the 
latter ; also the hot uncombined ga.scs, wdiich are then passed 
again into the chamber* 
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Lji<rachc (Ger. P. 144084; Fr. F 350^33) cools the gases 
from ' the 0 hottest* part of the chambers, especially for the 
“ high-pressure style,” by taking them out by means of a fan, 
passing them through a cooler and then back into the 
clVamber. , 

Depth of Acid. 

It is a general belief among practical men that the depth of 
acid at the bottom of the chamber influences the completeness 
and regularity of the chamber- process. lo their opinion the 
best yield and the most regular work is only obtained by 
keeping a good stock of acid in the chambers, say 9 in. or 
more. On the contrary, a very experienced acid-maker, 
M. l)el[)lacc, emphatically denies that the process is improved 
by a great depth of acid. He was in a position to start a 
chamber (whose sides were burnt to the bottom) without’ any 
acid at all : the drops could be heard to splash upon the lead as 
they fell down ; yet both the yield of acid and the consum})tion 
of nitre (i part to 100 rectified O.V.) were as favourable as in 
any other case. It must not be overlooked that a very great 
depth of acid diminishes the available chamber-space. 

1 for my part am inclined to favour the view that it is of 
great importance for the regularity of the chamber work to keep 
a somewhat deep layer of acid at the bottom of the chambers. 
The probable cause of this is the fact that this layer serves as 
roguL'itor for the^ variations of strength and the percentage of 
nitre in the acid directly connected therewith. This view is 
completely confirmed by observations communicated to the 
30/// Alkali Report, p. 66, by Mr R. Forbes Carpenter. At a 
factory where the chamber received its nitre mostly in the shape 
of \vaste acid from the manufacture of 'nitro-toluol, a film of 
nitro-toluol was formed on the surface of the chamber-acid, and 
this shutting-off of the acid from the atmosphere of the chamber 
caused exactly the same irregularity in the working of the 
chamber a's a low depth of the acid would do. The acid at 
the bottom no doubt mainly serves as regulator for the nitre?. 

My opinion in this respect is altogether shared at Stolberg 
‘(1902). • * • 

The renjoval of the sulphuric acid formed in the chambers, 
. ' «*:h to a‘ great eJ^fent is hot lyifig at the bottom, but is 
^v-ried on by the gases in the f6rm of mist, is effected by 
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Cellarius (Ger. P. 166745) by introducing steam during Uie 
passage of the gases from one chamber anoth 'v iA such 
manner as to create a centrifugal action and a whirling motion, 
in a lead tower packed with coke which causes an intimate 
mixture of the gases and the separation of the siilj)huric acid 
in the form of drops. This is practically the same process as 
goes on in alP‘ reaction towers” of which we have spoken su/n), 
pp. 656 ct sc(j. An additional patent (Ger. P. 1S3097) of the 
same inventor em;'lo}'s foi* the same purpose, in lieu of coke, 
two conceijric perforated cylinders, with a numbtT of jXM'foratcd 
partitions in the annular space between the cylinders ; through 
which the gas is forced to pass by means of a turbine ; thus 
the mist of sulphuric acid and the .sludge are precipitated 
without the nccc.ssity of employing steam for this purpose. 

( jiiitval luiiidrks. 

In checking the process it must never be overlooked that 
the same symptom may be owing to various causes. Thus the 
acid may get weaker eitiicr by a falling-off in the make or by 
an excess of steam. The dtaught may be lowered either by a 
smaller acid-production, or by atmospheric influences, or by the 
gas-flues getting stopped up with deposit. An insufficient 
conversion of sulphur dioxide into sulphuric acid may be cai?t;ed 
by too weak or too stroug a draught. The nitre may decrease 
in the chamber both through an excess of steam, which leads to 
formation of nitric acid, and through a deficiency of it, leading 
to chamber-crystals getting dissolved in the bottom-acid ; and* 
in both cases the strength of the vitriol falls off Owing to the 
fact that in acid-makgig a certain effect may be caused by 
different circumstances, the management of chambers is not an 
easy task, but requires great judgment and experience. 

• • • 

Irregular Working. Loss of^Xitre. 

Having so far stated the conditions of the normal vitriol- 
chamber process, we must also consider how the process may 
become anomalous, that is faulty, which must in, every case 
lead to losses both of nitre and of sulphur compounds. 

Sometimes “free” niirogen /wavV/t' * Appears hi the l^.st 
chamber (never byfor^). It has been proved by Lunge and 
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Naef (ptv//. Ind., 1884, p. 8) fliat this happ«*iis when the supply 
of nitre is ibnormafly strong, irrespective o\ a larger or smaller 
excess o^ oxygen, of which there is always far more than 
enough present In this case the formation of sulphuric acid 
is 'finished* before the proper time; there* is next to no SO, 

' in the last chamber, and the nitrous anhydride, which cannot 
be again taken up by the* Chamber-gases, is altogether dis- 
sociated into NO and NO.,, the former being equally oxidised 
' to NO.,. The latter where it touches the chatnber-acid dissolves 
in it and forms both nitrous vitriol and nitric a\:id. Most 
of the NO.,, however, passes into the Gay-Lussac tower; 
and as the size of this apparatus is onl)’ calculated to meet 
normal requirements, it cannot retain all the nitrous vapours, 
but emits a good deal of it into the air in the shape of ruddy 
vapours, thus causing a corresponding loss of nitre. 

Far more serious are the consequences of a Md’ of nitre. 
In this case the formation of sulphuric acid is too slow, 
and there is too much .SO., in the back part of the 
chambers thus causing a denitration of SO.NH in the 
wroth:; [ilace. Very much NO is /ormed, the chambers turn 
pale yellow, or, in extreme cases, gre\', and the temperature 
i.s either too high or too low for proper working. Owing 
to t^e relative excess of water the formation of the intermediate 
compound SO-NII is greatly impaired; and the NO now 
form!^ with oxygen and water nitric acid, which sinks down 
to the bottom and dissolves unchanged in the chamber-acid, 
and is thus withdrawn from the chamber-process. Such acid 
will not “show nitre” in the sense used b}' practical men-— 
that i.s, it does not give out orange vapours on addition of 
water, becaii.se it contains little SOr.N'k, but for all that it 
may contain so much nitric acid that the chamber-lead is 
.seriously attacked. rhe nitric oxide, on passing into the 
Gay-Luss?c Uower, is not absorb'bd at ^11 by the sulphuric 
acid, the excess of inert nitrogen preventing its action with 
wSO., and 0 , and at the top both NO and SO., escape, thus 
causing a double loss. A third source of loss is the formation 
‘of nitrogen \)rotoxide, N.p, for'vvhich the conditions now exist 
to a much greater extent than normally (.see below).' All 
thi^ leads to a baci'' yield of sulphuric acid from the first 
and to a great loss of nitre, and aa this instantly reacts 
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upon the chainber^process, tlk‘ quantity of oxy;;en- 

carricrs being diminished at a, progressive* r^te, it is no ^natter 
of surprise that things get from bad to worse. Kvct)’ practical 
man knows, and l^schellmann has proved it in detail ( /. Stu . 
Chou. fn(i., 18S4, [). 136), ‘.hat when there has-been lack 
of nitre from any cause wlialever it is necessarv to introduce 
several ti Hit's the amount originalli wanting or “saved,” in «)rder 
to reined)’ the “disease ’ of the chambers, as sonu’ })eople 
call it. 

CaNseslif iJie Loss of Mire. — It is notorious that in no case 
whatever is the recovery of the nitrogen o.xides, employed in 
the manufacture of sulphuric acid, complete. I’.ven with the 
best nitre-recovery and denitraling ap|)aialu.*', and under the 
best possible management, the loss is never Ik’Iow 2 parts 
of ^'aNO.. to 100 of sulphur burnt, and it is nearly alwa) S 
higher than that, 3 parts of NaNO^ probably indicating the 
ordinal)’ p-resent average. I'lu’ .s(jurces of this los^ of nitre 
are various, and ma)’ be distinguished as mechanical and 
chemical losses. }[eelianii(fi losses are those caust'd b)' in- 
com{)lcte absorption of <'•' N\.(), in the ( *a)’* Lussac 

tower, by the nitrous acid contained in small (juantities in 
nearly every description of suljjhuric acid witlnlrawn from the 
process for sale or use, and by any accidental leakages from 
working-doors, chambers, etc. Chemical losses are those cahsed 
by the reduction of th<? nitrogen oxides bel«>iv the point where 
they can be reoxidised or absenbed in the (jay-Lussac tower. 
Generally this chemical loss is a.scribed to a reduction to th;.* 
state of nitrogen protoxide, or even elementary nitrogen, or (by 
Rascliig) to that of amnninia ; but the latter, according to 
Raschig’s own stateifient, is found only in (juitc exceptU^nal 
circumstances and need not be taken into account for ordinary 
purposes. That a reduction to N./) does take [)lace under 
certain conditions •(excess of SO.^ ^ind undu^ local excess 
of water) has been proved by R. W#ber and ‘by myself 
(p. 336) ; and it is likely that to a certain extent such conditions 
do obtain in every vifriol-chamber, but less than anywhere 
else just in the Glover tow^r, wlijjre such los^ was at on^ 
time believed to take place (p. 854). Up to the investigation 
by Inglis (to be mentioned below*, it*\ra.s, however, entjrely 
uncertain what prjopo^^tion •the mechanical and chemical k'tf.ses 

. 3 . 1 ' 
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bear to each other. The rios\ extraordinary discrepancies 
exist 'in Jhis respect. Some ^ Chemists asserted that the 
mechanical loss, more especially that caused by incomplete 
action of* the Gay-Lussac tower, is by far the most potent 
soKree of Joss of nitre (Lunge and Nae/, Chem. Ind., 1884, 

» p. 1 1 : Benker ; Sorel, Z. afis;ew^ Chan., 1 889, p. 279) ; others 
were of the contrary opjpion. It seems useless to go 
into the detail of this controversy here, as no conclusive 
proof was given either way, and we will anly quote some of 
the other papers bearing on this question : Hurf.er, Davis, 
Jacks(jn, Mactear, Cox, and Lunge, in vol. xxxix. of the Cheni. 

(pp. 170, 193, 205, 215, 227, 232, 237, 249); Eschellmann 
(y. Soi\ Chem. Ind., 1884, p. 134); Hamburger {ibid., 1889, 
p. 167). An important part in the loss of nitre is caused by 
the coke-packing of the Gay-Lussac towers. I had long ago 
{cf. p. 791) proved that the coke reduces any nitric acid getting 
into the Gay-Lussac acid in the shape of N., 0 ^, so that the 
nitrous vitriol issuing at the bottom contains only N.jOjj. I 
have shown (in the same place) that nitrososulphuric acid 
itself is reduced by coke, NO escaping. This action is greatly 
increased by a higher temperature, and this may be one of 
the reasons why it is expedient to cool both the gases and 
the absorbing acid as much as possible ; it also seems to favour 
the ’use of Gay-Lussac towers containing a non-reducing 
packing (p. 792). 

Concerning the formation of nifrogai protoxide {nitrous oxide), 
V'e have seen in Chapter III. (p. 336) that this will happen 
if NO (or N.p,j) meets an excess of SO., in the presence of water 
or of very dilute sulphuric acid. The reduction may then 
take place according to the equation — 

SO., + 2N( ) + H.,0 - 1 1.SO, + N.,0. 

It is not impossible that, under specially unfavourable circum- 
stances, th(i' reduction may even proceed as far as the formation 
of elementary nitrogen or of ammonia, but this evidently 
happens only quite exceptionally and to an altogether 
insignificant tCxtent ; whilat mo«t chemists assume the forma- 
tion of N^O to occur to a small extent, even in normally 
working-chambers, at the pfaces where 'locally water and sulphur 
dioxide are in excess. Actual proof of thisj by showing the 
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presence of N.p ui chamber-gjfses, formerly could noi be 
given; in fact, the analytical methods so far at on; command 
would hardly permit this. 

All the more important is the work done b)’ Ingiis ( /. Soc, 
Chem. bid., 1904, pp. 643 t't seq), who, at the suj^gestion of 
Ramsay, proceeded by the fractional distillation of licjiicfied 
chambcr-acid gases, cooled to alcut 185 by means of licjiiid 
air. By this means, and by repeated rectifications at suitable 
temperatui^'s, the substances present could be divided into 
the following fractions; (1) nitrogen and nitric oxide; (2) 
nitrogen protoxide and carbon dioxide ; (3) sulphur dioxide ; (4) 
nitrogen peroxide and sulphuric acid. The fractions were 
measured and then analysed in the ordinary way. \ he fine 
gases at the Silvertown factory were tested in this wa)’, 
altogether 284 1. being treated with fairly ccms'.ant results. 
An extremely small quantity of nitrogen protoxide was found, 
about o a:i2 per cent. The conclusion reached from this is ; that 
the “ chemical loss ” of nitre is negligible in .so far as nitrogen 
protoxide is concerned. The gases contained about 004 per 
cent, nitric oxide, and aboiAt 0-03 per cent, nitrogen *j)erf)xide. 
The total loss of nitre being o-i per cent., 70 per cent, of this 
lo.ss is accounted for by the mechanical loss in the shape of 
NO and NO,,, and depends upon the efficiency of the Gay- 
Lussac tower. 

In the discussion following the reading cff that papew, all 
the speakers agreed that the "chemical loss" of nitre in the 
ordinary w^orking of the chambers wms altogether insigiiificantr 
Divers e.specially pointed out that it is now' unnecessary to 
assume the formation of the hypothetic compounds, suggested 
by Raschig {cf. p. 337)* 

Later on Inglis (/. Soc. Chem. hid., 1906, p. 149) describes 
very careful experiments made by Ids methods wu'th flue-gases 
at a factory, whiclf led t 5 the .same result, vP/.,^that only 
very small quantities of NO.^ and N.jO.^ are reduced to N./) 
in the chambers ; about^50 per cent, of the total loss of nitre 
is owing to incomplete absorption of NO2 and in the 

Gay-Lussac tower, and Lungc*s view in that reSpect is the' 
correct one. In his concluding pap^r {ibid., I907,,p. 670) he 
sums up his results as follows: (i) the*amount of njtre Itjst 
as NgO is less tl»n 10 per cent, of the whole Io.ss; (2)* a 
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considerable proportion is los*t as nitrogen ^'tii'oxide and nitric 
oxide, \he relative proportions of«tficse two' substances depend- 
ing upon^thc escape of SCX; (3) there is a possible reduction 
to nitrogen. 

*lt is a find that, by enlarging t)ie Gay-lr.ussac towers beyond 
the size formerly used, the loss (if nitre can be greatly reduced, 
and mention of this has bs^en made before (p. 786). But it 
would .seem as if the practical limit in that respect had been 
already reached when the Gay-Lu.ssac towers, with ordinary 
coke-packing, have a capacity of 2, or at most of 3, per cent, 
of the chamber-space. Any further addition of absorbing- 
power causes but an insignificant diminution of the loss of 
nitre. The cau.se of this is no doubt that pointed out by 
Bailey (/. .SW. C//rm. I mi., 1887, p. 92), that the coefficient 
of solubility of N.O.. in sulphuric acid is immensely reduced 
by its enormous dilution in the exit-gases with c)X)gen and 
nitrogen, and that therefore a complete absorption (T N.p.^ 
is an impossibility ; Sorel (in the place (jiioted above) proves 
a similar rea.soning by observation and calculation, showing 
that, in a'special instance, the exity^a.ses were bound to carry 
away nitrous acid equivalent to 3 09 per cent, of NaNO.j to 
100 of sulphur— that is, more than the best working factories 
consume altogether, and my ob.scrvations have accumulated 
convincing material for such conclusions. It is true that 
direct analysis 'of the exit -gases in many instances fail 
to account for more than a pvu'tion isay a third or even 
‘a quarter) of the nitre lost; but it cannot be denied that this 
may sim[)ly be an unavoidable fault of the analytical methods 
u.sed, as it is e.xtremely difficult, or rather impossible, to retain 
in 'absorption-lubes all the N.jO;; (jr diluted with ten 

thousand times its volume or more (d' other gases. Any 
reasoning based on the analysis of exit-gases is therefore 
extremely^ unsafe, if it ‘intends to prove* that the’ loss from 
that .source is too ‘small to dispense with the necessity of 
assuming a considerable chemical loss. 

It is even more difficult to estimate NO in excess over 
‘'the proporth)!! NO -f- NO/ when-mixed with a very large excess 
of other gijscs, and hence^the above-mentioned conclusions are 
alb the piK^re unceflKin. The loss^of NO may be reckoned 
p.^rtly among the mechanical and*parth’ awiong the chemical 
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losses. The forinci* is the case \dKMi any NO which has i omc 
from the chambers themselves has only iitc'chanicrlly Escaped 
oxidation into NO., and consequent absorpiiun in llie Ga\’- 
Lussac tower ; but it must be reckoned as chemical loss if 
the NO has been formed witlvni the (laN'-Iaissac *tower itself 
by simie rediicin^r action on nitrous vitriol. \\’(‘ ha\e seen 
that such an action may take {dace by an accidental e.xcess 
of SO,.; but this hapjxms only exceptionally, allhou^di it 
is [)Ossibl^ that Ju: SO,., always |)resent in exit-^ascs even 
with the ccr\’ taest work, in s|)ite of its very sli;^ht (juantit)' 
exerts a certain reduciny;-action in the (iay-l.us^ac tower. 
Hjelt />o/y/. /., ccxxvi. ].). 174; </ also our first edition, 

p. 570) ascribed a certain loss of nitre to the oxidation of 
(V'sniioKs to arsenic acid in the Gay-Lussac tow(T, amountinj.; 
to ( 5-12 nitre |)er icao of II.SO, made, and Davis 'i hi’iu. .Waw, 
xxxvii. p. i went even much furtln'r in that resjjcct ; but 
the latter did not iqdiold his views later on, and even lljelt's 
observation seems to have been (juitc* exce|)tionaI, to Jud^e 
from observations communicated to me in a letter from Dr 
Th. Krnst, of Lehrte. K\ydentl\- arsenious acid cart {)lay but 
a ver\' small part indeed in that matter. 

Distributioii of ('kucs oud Rato of I'oniiiUion in the I it r ions Rnrfs 
of the I’iiriofi hnnthers. * 

The following observations and considerations [x)ssess 
far more than a merely theoretical interest. 'khey are 
intimately connected with the questions •— which is lltl^ 
be.st shape for vitriol-chambers? are contact-surfaces for the 
better condensation of the acid to be provided, in addition to 
mere chamber-.space ? what is the real duty performed b)* the 
various parts of a set of vitriol-chambers, and can that duty be* 
performed in a more advantageous way ? and so fortli. These 
questions have beeit treated at considtrable Icngtdi in preceding 
chapters, and they also influence the theory of the Sulphuric 
Acid Manufacture fsee below). 

The experiments made by H. A. Smith, and recorded in his 
pamphlet, On the Chemistry ofmt/ie Sulphuric Aci(i» Mauufactui^ 
(London, 1873; cf. siiprci, p. 454), jrc entirely uqfrustworthy, 
as pointed out several times before, inrtnore deta*il, iji the*first 
edition of this work,4)p. ^5 et seq. His conclusion, that the 
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chief portion of the acid mad 5 in the chambers is produced and 
condensed #tlose tolhc surface of^he acid already formed in the 
chambtrSj has not been confirmed by any other observer, and 
we will not detain ourselves any further with it, as it is also 
in * direct «contradiction to his pwn analyses of the gases. 
Ilasenclcver (A. W. Hofmann’s Report on the Vienna Exhibition, 
vol. i. p. i7tS) fixed lead dishdr in several parts of his chambers, 
covering them over at a distance of a foot, and thus found that 
about the same quantity of acid was for'med alj over the 
chamber. His conclusion certainly cannot be proved definitely 
in this way, since the dishes act as contact-surfaces, as we shall 
see just now. 

Mactear (/. Soc, Chein. Ind., 1884, p. 224) has published an 
extensive scries of observations on the distribution and con- 
densation of the gases in the vitriol-chambers. So far as they 
go towards settling the point at which part of the chamber the 
principal formation of the acid takes place, they are of no use 
to us, as they were based on a wrong princi[)Ie, viz., that of 
observing the quantity of acid condensed on trays of a certain 
surface, 'it has been frequently slwwn, and that by Mactear 
himself in the same paper, that solid (or liquid) surfaces within 
the chambers have an intense condensing action upon the acid, 
which means that the mi.st of impalpably small drops on striking 
such surfaces condenses into large drops and collects upon the 
trays'; hence the'^quantity of acid running away from the trays 
is not that made in the space above them, but represents a very 
much larger quantity, made partly, and possibly to the greatest 
extent, at some distance from the [)lace where the tray 
is located. 

How unreliable is the plan of testing the amount of sulphuric 
acid formed in a special part of the chamber by means of 
collecting-trays has been very clearly shown by Nacf {Chem. 
Ind., 1 885, p. i 6 j). The condition supposed' to exist by previous 
observers is this, that the trays collect all the acid formed in 
the vertical space above them. If it were so, next to no acid 
would be found when the tray is provided with a cover. If, 
'however, thc'^ drops fall down ir» a slanting direction, .some acid 
will be found, and its quantity ought to var\' in proportion 
to the distance between the tray and the coven But even 
,this is not the case. Naef placed within the chamber on one 
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side an open tray, •and on the other side a tray with a wider 
cover suspended over it at a variable distifticc. T!ie •r6su!l of 
weekly averages was this: — that the tray with the cover 12 in. 
above it collected exactly as much as the open one, and even 
when the cover was jnly 4 in above the tra)- the aetd collected 
was nearls’ as much as on the open tray. Repeatetl observa- 
tions confirmed this result entirely. This .surj>rising phenomenon 
cannot be explained by a slanting fall of the drops, for it would 
suppose tlae faH to take [)lace at an angle of 20 , which cannot 
be producAid oven by the most violent movement within the 
chamber, far above anything w'hich really cxist.s. There is no 
other explanation than one to which a very large number of 
former observations in all possible cases, also those of Mactear, 
irresistibly lead — that the sulphuric acid, when former), exists 
in flic shape of a very fine mist which is very slowly deposited 
in the form of a rain of real drops, and is carried forward by 
the gases for long distances, Imt is suddenly condensed to real 
drops when striking against solid [or, perhaps, liquid] surfaces. 
Therefore the acid is not deposited at all in a b’rjuid state 
where it is formed, but further on, in very differcnt*<piantilies 
according to the surfaces it meets; hence the apparent con- 
tradictions betw'cen the results of gas-analyses and those of 
measuring the acid condensed (.>n trays. The latter moc^e of 
observation is utterly worthless for deciding the question of the 
progre.ss of the chemical reactions ; this* progress • must 
undoubtedly be studied by gas-analy.ses. This last method 
presupposes that the gases in any special transverse section df 
the chamber arc somewhat, although not absolutely, e<iually 
mixed ; but that this is so, has been proved by the results of 
Lunge and Naef (.sec later on) as well as by those of Madtear 
himself. The fact that nearly as much liquid acid is condensed 
on the trays near the top as upon those near the bottom of the 
chamber is easily (?xplain^d by Abraham’s the(fry^of a spiral 
movement of the gases (see below), of which it is, indeed, a 
necessary consequence. ^ 

Hence we cannot accept Mactear’s conclusion that the 
principal parj of the acid is rflade in the upper jJortion of thft 
chamber. In fact this does not agr^c with his ow j analyses of 
the chamber-gases, and even less with*his further gonchrsion 
(p. 228 of his pepei^ tha*t the principal condition is thaf of 
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“having ample chamber-spate, the form of the chamber not 
being Vw material*’ The argument that the sulphuric acid 
forming and falling rai)idly towards the bottom of the chambers 
must displace the gases and force them to the upper portion is 
fallacious ; ifor the volume of the a^id formiug is several hundred 

* times less than that of the gases concerned in its formation, so 
that the above-mentioned aorfon must be imperceptibly small. 

Mactear’s observations on the rate at which the acid is 

• formed in different chambers of a set are verf interes^ting. The 
following table shows the composition of the gaies in the 
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different parts of a set of chambers, connected with a Glover 
and Gay-Lussac tower, calculated from a long scries of observa- 
tions, In the original tlic figures arc given to three decimals 
per cent., but we ♦reduce them to one decimal, the estimations 
certainly not being accurate even to that place. The nitre in 
the origin. d is all calculated as N-.O,, which is certainly wrong, 
and looking at the imperfection of former analv tical methods, 
we must accept the figures for nitre with all reserve. 

The next table shows the comparative condensation of acid 
in the six consecutive chambers: — 
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The follovviiv^ ^ahlc is 

taken 

from M act car’s paper, and 

shows the comparative condciisation of the^siiiL^do chairA:>crs of 

various sets of sulphuric acid chambers: — 
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Probably the most extensive arjcl complete investigation on 
the ph'eno^ncna ta?:ing place in *the vitriot-chambers has been 
made by, myself in conjunction with Dr Naef at the Uetikon 
Alkali-Works near Zurich, where a set of chambers was placed 
at our (lis^)osal for this purpose during* a period of several 
months. From our Report thereon [Chcm. Ind.^ 1 884, pp. 5 et seq\ 
I have already (|uoted in^iicvcral places, c.g.^ the methods 
employed for testing the gases (p. 580) and the observations of 
chamber-temperatures (p. 940). I here giye a A’cry short 
abstract of the important results obtained, which in cdl essential 
particulars have been entirely confirmed by a similarly extensive 
investigation made by Rotter at a Hamburg works {Z. angew, 
CIicuL^ 1891, pp. 4 et seq). The set of three chambers observed 
has been briefly described on p. 941. They were provided in 
twelve different places with complete sets of absorbing-tubes, 
large aspirators, and everything else required for making the 
most detailed and accurate analyses of the chamber-gases 
hitherto attained.^ 

The first six experiments proved that in a nonnally working 
set of chambers, containing a plentiful supply, but no excess, 
of nitre, the nitrogen oxides in the last two chambers did not 
contain any “free” nitrogen peroxide,' but their composition 

'* It is true that even these analyses do not represent the absolute facts 
of the case. Some changes may, and even must, have taken place in the 
gases \)n their passage through the absorbing-apparatus ; more especially 
the estimation of NO is not one of the most accurate operations. Nor can 
it be assumed that tlie samples of gas aspirated always represented the true 
average of that part of the chamber ; and it was altogether impossible to be 
sure of following up one and the same batch of gas during its progress 
through the chambers. Our analyses cannot,, therefore pretend to be 
authoritative in all details, but they may certainly be taken as representing 
the general working of the process. Sorel’s criticisms of our methods are 
not very appropriate, as he docs not suggest any better ones ; his own plan 
of analysing nok’iiing but the (^rip-acids is aitogether, misleading, as it takes 
no notice whatever of the proportions of oxygen and nitric oxide in the 
surrounding gases ; and as it seems, from his description of the process, that 
he measured the reducing power of the a^id by running a solution of 
potassium permanganate into the vitriol, instead of vice versA^ he must have 
•found nitric acid even where tione vas present, as proved by me in 1877 
{Ber.y vol. x. p. 1074). 

To avoia'repetitions, five do not distinguish between NO^ and N^Oi, but 
cal,l the mixture “nitrogen peroxide.” “ I^yponitric acid” is an antiquated 
/ixpression. In the following abstract of the observUtions made in 1883, 1 
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corresponded to that of nitrogen ‘trioxidc (nitrous anhydiide). 
It had been assumed by Her.xlius, and lal(?i' on by 14^Veber 
and by Hascnclevcr, that N..O.. was the real oxyt^cn carrier, 
whilst most other chemists assumed that it was nitro^xn 
peroxide; but Berzelius altofrcther confused •and 
and Weber and Hasenclever, althouii[h they, of course, clearly 
distinguished between these two\.ompounds, did not give any 
proof whatever of their assumption that the nitrous gas within 
the chambers is N.X not N.X)4. The observations and analyses 
of Nacf aiR] myself for the first time gave a bases of fact to the 
statement that iiitrous acid is the real oxygen carrier in the 
vitriol process. These observations have clearly established 
the fact that in a normally 'loorking chamber no *\f)cc" nitroycn 
peroxide is fonnd^ and Retter’s ob.servations (</. p. 960) have 
entifel}- confirmed this. It is true that it was i.npossihle to 
distinguish entirely between the single nitrogeii oxides in the 
Jiril chamber, as unfortunately no analytical inclhods are 
known b\’ which this could be done in the presence of the 
large quantity of SO, existing in that place; all that can be 
done is to calculate the nitrogen oxides either int(t NO and 
N.jO.j, or NO and NO.,. But that the former, not the latter, is 
advisable, is proved by our further experiments, which showed 
that even when abnormally N./)^ was produced in the tjnrd 
chamber, yet the second chamber never contained any “free 
nitrogen peroxide.”' . / priori it is also in?).st unlikely that 
in the first chamber, where the reducing action of SO, is so 
much more potent than in the second and third chambers, thf: 
nitrogen should be in a higher state of oxidation than in the 
latter chambers. It is therefore to be considered a fact that 
the nitrogen oxides present in the last chambers correspond esshiti- 
ally to the composition of nitrogen trioxide^ accompanied in the 
first chamber by nitric oxide, NO. 

Another set of five experiments was made ift tljis manner, 

„ retain the expressions “nilrogen irioxide'' or “nitrous anhydride,’’ then 
considered to correctly denote the facts of the case ; but we now know 
that the found by analysis is almost entirely dissociated into NO and 
NO^ in the gaseous state. « • • 

* The expression “free nitrogen peroxide,” in this and every subsequent 
case, means that portion of .NOj which h in ^.xcess over/that whicli is 
necessary to form N^Oj with I'K), according to the equation : NO f N^)., ■ 
N.O3. 
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that the quantity of nitre was increased far* beyond the normal 

measuVQ, s^) that a«!arge volume wf yellow \^apours escaped from 
the Gay-Lussac tower. Under these anomalous circumstances, 
Vee nitrogen peroxide was found in the tliird, but never in the 
ietond chamber. The chambers, therefore, contain free nitroifen 
Peroxide only when the supply of nitre is abnormally hiyli. The 
brmation of nitrogen peroxkrfc must be regarded as a secondary 
'caction brought about in the following wa)' : — With an 
ibnormally high supply of nitre the oxidation of vSO., into 
is almost entirely finished in the first chami^ers, as far 
as it can be driven (which is never up to the entire extinction 
)f SO.,). There is hence very little sulphuric acid floating about 
as mist in the la.st chamber, and there is thus no impediment 
to the oxidation of NO going on to NO.,, which, as we shall 
see, docs not take place in the presence of sulphuric Vicid. 
Moreover, the SO.^ still present in the cases here treated is of 
such minimal (juantity (0-0004 to 0002 per cent.), that its 
reducing action can scarcely be expected to be felt. The 
conclusion to be drawn from all this is that free nitroyen 
peroxide, dh’itii^ absent in normally^ ivorkiny; ehambers, cannot 
take any essential part in the formation of sulphuric acid in the 
•vitriol-chambers. 


^When speaking of ‘‘ normally ” and “ abnormally ” working 
chambers, I always mean tho.se terms to be understood as 
valid, for the old style of working, with a chamber-space of 
at least id cub. ft. per lb. of sulphur. In the “forced or high- 
pressure style ” [production intense), frequently referred to, 
whore so much acid is produced in the chambers that only 
12 cub. ft. of chamber-space or even less are allowed per pound 
of sulphur, an excessively large .supply c\f nitre must be given, 
which at all other works would be called “ abnormally high,” but 
certainly not so under those exceptional circumstances. This 
leads to the ♦•regular appearance of nitrogen peroxide in the 
last chamber, and ptrhaps even of nitric acid in the nitrous 
vitriol of the Gay-Lussac tower. Sorel’s statements in this 
respect are made uncertain by the 'fault in the analytical 
♦method employed by him [cf. ,above, p. 960, footnote), which 
would tend^ to make the proportion of nitric acid larger than it 
wa.<i in reality.) ' • 

' Special experiments made by Lunge and Naef proved the 
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following inipurtaift facts :—i. Kv*cn with an abnoniuilly low 
percentage of oxygen in the exit-gases *(4 per ceiil.) the 
formation of free NO.^ takes place when an excels of nitre is 
sent into the chambers. 2. Kven with an abnormally high 
percentage of ox}'geii in the exit-gas (81S to 9 I0 p(*r cent.) no 
free NO.^ is formed when the supply of nitre has lu'cn a normal 
one. 'fhis shows that tht qnautit} j air srnf inlo ihr (Jiavibcrs 
has )io iuflnt')/n' lahiift'Vi'r upon the /aufiation at trrr nitror^oi 
peroxide, w]^ich, ^oft the contrar)', is c.Xilusii'ely caused by an 
excess of mtre. 

In Lunge and Naef’s [)aper now follow eexperiments on the 
losses of nitrogen compounds, which will 1 h‘ mentioned later t)n, 
and then experimmits on the distribution of the yases and the 
progress of the process in the ehamhers. Lor this purpose eight 
sets*of absi)rbing-tubes were fixed in various j irts of the 
chambers, three of which ai-re always woiked simultaneously ; 
in each place ;it least 20 1. of gases were aspirated for ever)’ 
test, the whole being finished within five or six hours, h'ive 
different complete sets of such observ.itions wt:re made, 
comprising both normal wo*-king and shortness of niPie in the 
ci vim her. 

It would be too length)' to give all the details of the 
analyses; the)’ prove the following facts: — When the chambers 
arc working in a nornud wa)’, the jK'rcentage of SO., in th 
gases decreases \ery cpiiekly, and in the mifldle of the. firs 
chamber has alread) fallen from 7 to i-; — 1 <4 jier cent,, so tha 
about 70 per cent, of SO., must have been ciuiverted int' 
sulphuric acid. From here to the end of the first chambe 
there is very little action, and onl)- 4 per cent, of tlie urigina 
SO.^ is here absorbed. * \\ hen entering int(» the second chaiiTbe 
the reaction is suddenly revived, and in its centre th<,: gase 
contain onl)’ 0 2 to 0 4 [jer cent, of SO.,, 20 per cent, of th- 
initial SO., being absorbed Rere. 

From this pijint to the end of the sei ure oxioaiion proceed 
very slowly, and never to the point of absolutely extinguishinj 
the SO.j. The diagrams, Fig.s. 338 and 339, show this both fo 
the normal w’«^rking order (in ihe thick line) and ‘for w orkini 
short of nitre (the thin line) — the hogzonlal lines cofrespondiii] 
to the length of the chafybers, the perpendicular lin^s to ‘th 
percent, oxidation .of SO., ii!to 1 1 , SO,. There is also a cloti'c 
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curve added, representing the progress of the process according 

to Hirt,cr^’s theory {cf. bclow),avvhich is seen to agree much 
better with the normal than the anomalous style of working. 



This agrccincnt comes out still bettor in Fig. 339, representing 
the re.sults obtained in another, intermediate, testing-place. 
These experiments for the first time established a fact, 



subsequently confirmed by all similar observations, the whole 
importance of which will appear below, viz., that the conversion 
into takes phice very quickly as far as the middle 

of the firs/ ^tamber, thm slackens* very nfucli, but is suddenly 
revived 'ivhcn the y;dses pass from this into the next chamber. 
This fact was at the time explained merely by a better mixture 
of the gases, but we shall sec that this explanation should be 
S)Upplement(^l by otherj ‘and ^jerhaps even m(;'re important 
considerations; and it h;is formed the first basis for the 
practical, improvements proposed by .'by self, as described above 
^(pp. 657 W ' • ■ 
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The observation, made by Lunge and Naef at the Ue.ikon 
Works, that the reactions aftei^slackcning in*the lasl|jjiy'^ of the 
first chamber experience a sudden revival when tlu. gases pass 
into the next chamber, has been confirmed by later observations 
of iNaef’s at the British Alkali-Works at VVidnes {i'/iriu. Irfd,, 
1885, p. 285), by Schertel at tfie Frcibeig Works {ibid., 1S89, p. 
80, and Sachs. Jdlircsbt'r.f. Scri;- IIiitfcti:ccsc/i, 1890, p. i ^8), 
by Sorel {Z. angciv. CJicm., 1S89, p. e;o),and Rctter {Z. aiig-c 
Chem.y 18^1, p. 4), and tliis must be hooked upon .is an 
cstablished»fact, the consequences of which for the theory of the 
vitriol-chamber process will be mentioned later on. 

Another set of Lunge and N.aef’s experiments referred to 
the question ho'ic far the gases gel mixed up iu their prigress 
through the ehaniber. 

l«or this purpose the gas was aspirated and tested simultane- 
ously from three places, )> ing in tlie same vertical line in the 
side of the first chamber, with the results given in the following 
table (('z = top; /^ = middle: r -bottom). 
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The diflferejices in compositiun found between V/, b, and c 
here are certainly but slight. , , 

For the following expeiVnents three lca 3 tubes were, pa.s:^*d 
:hrough the chambar-top in tlie centre line, on the same cross 
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section as the place on the‘ sides on which the points c 

were s(tr*jaK"cl, the three inner tuhes reachiilg down to the same 

vertical height as the points a, b, c. Gas tests were taken at all 

six points at the same time, with the following results : — 


^ r ^ 

Top. j I Bottom. 




Itisulc. 

} (.)ilt.si(li-. 

Insiiie. 

(Ji'iisido. 


Outside. • 

l■;,x|l. A~-() . 


7-34 


7-76 

7-30 

^^93 

7-39 

N . 


• ‘JO -4 3 

'yi -07 

89.98 

90-78 

90-71 

90-85 

SO,. . 


xzi 


: 2.08 

1.67 

2-18 

1.58 

NO . 


o-o8 

c-o8 

0-08 

O-IO 

' O-IO 

O-IO 

.N.,0, 


. i 0'12 

o-oS 

o-i r 

0-09 

i 0-07 

008 

E.xp. H SO,. . 


, ; 2-20 

I -96 

2-03 

1.82 

2-04 

1-93 ; 


'I'he difference in the composition of the gases here also is 
much slighter than was formerly a.ssumcd. More especially 
it was found that, contrary to former theories, the SCX is almost 
uniformly distributed at top, middle, and bottom. 15 ut it must 
be mentioned that there was, without any exception, consider- 
ably less SO., found at the outside places, near the chamber- 
walls. than in the centre of the chamber. This was noticed by 
L.unge and Naef at the time (/ec. dt. p 17) ; they distinctly state 
that it proves that the reaction between SO., and O is rather 
stronger near the walls than in the centre of the chamber. A 
full explanation of this hict was only given several years later. 

A last .set of tests, in three places one above another in the 
first (juarter of the first chamber, showed : — 


i 

T..p. 

Kxp. 

MiddI)-. 

I Uultoiu. , 

Tnp. 

Kx-ji. B. 

.Middle. 

j Bottom. 

0 . 

■ * * f >-59 

* 6-26 

6-79 ' 

5.89 

6-07 

5-81 

: N . 

90-34 

90-13 

90-14 

90-70 

! 90-31 

i 90*86 


• ; 3-07 

3-6i 

: 3-07 ' 

3-71 

3-62 

1 3‘33 


The entering gases hud contained 6*6 per cent. SO.^, so that 
at this pla,ce already about 50 per cent, of the SO. had vanished 
only 30. ft. from the'front end of tiu; chamber. 

All these experiments (with which tlie observations of 
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temperatures, pp. 940 iV sn/., agree) />ro:r t/ia( the :ciJtin 

the chamber are I'err tjuickly niixed up, ivhmiei er he (he 

cause of this, hut that the mixture is not an absolutely eijual one ; 
there is al:oays niore SO., in the central part of the chamber tha)i 
on the outside, or at top and bottom. Rctler (<^ p. (/>o) 
confirms this. 

It must be especially insisted (J; that ihe (lilTereuces liclwecn 
the analyses of various samples of gases are far greater than 
can be accounted for b)' analytical errors or by the inaccuracy 
of the metU)ds ; it was distinctly proved that in some jiarls of 
the same transverse section there is more SO.^, in some more 
O, in some more nitre, and it must be inferred without a 
shadow of doubt that there is in some places more moisture 
than in other parts of that section. Anybod\ who has 
exp^ienced the difficulty of completely mixing lw( currents of 
gases, even when experimenting on a ver\- small scale, will 
regard this as a matter of course. Tho.se, therefore, who 
contend that Lunge and Naef’s analyses prove an absolutely 
uniform composition of the gases in the same section of the 
chamber, and who from tlys infer the uselessness of a more 
intimate mixture, are altogether wrong, the above contention 
being erroneous; Schertel himself (Sachs. Jahresber., 1.S90, 
p. 144), who had formerly adhered to the just-mentioned 
opinion, afterwards found that the mixture of the gases is not 
at all absolutely perfect.* • . . 

Thus Lunge and Naef’s observations have refuted all the 
various theories according to which the sulphuric-acid making* 
process either takes place principally close to the bottom-acid 
(H. A. Smith) or immediately below the tc^p of the chamber 
(Mactear). They arc,* however, altogether comjxitibic vrith 
Sorel’s view (c/ below), which demands a .stronger formation 
of acid near the chamber-walls, and with the following views of 
Abraham (Din^l. polyt. J i< 462 , vol. ccxiv. p. 416), c*>ncerning the 
path taken by the yases 10 i thin the chambers.^ 

After refuting the opinion pronounced by Schwarzenberg, 
according to which the Ijurner-gases at once rise to the top of 
the chamber, and then gradually*sink down in nearly horizontal* 
layers, Abraham states his own ideas^as follow.s: — '^he burner- 
gas, on entering the first '^chamber, ineefs' a ga.sco*us ^mixtwre 
whose temperature, and composition differ but little from its 

7 c\ 
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own ; it therefore sprecuds all over the front ^art of the chamber 
from t^op to bottofn, and is slo^yvly propelled by the draught 
along the chamber all over its transverse section. The forma- 
tion of sulphuric acid also takes place regularly and equally at 
al^ points of each transverse section, taken at right angles to 
the length of the chamber, first rapidly, then more slowly. 
(This part of Abraham’s thep-.y cannot be accepted.) The heat 
produced by the reaction raises the temperature of the interior, 
whilst at the side walls and the tops this iieat is carried off 
by radiation outside. Thus is produced a difference in the 
temperature and the density of the gases which must lead to 
their rising in the centre of the longitudinal section, and to 
their descending along the sides of the chamber. Since the 
cause of this difference of temperature is constantly acting, 
the just described movement goes on through the loiigth 
of the chamber, and is modified onl)' at the ends, both through 
their own cooling action, and through the contraction of the 
current produced by the connecting-pipes. Hence the gases 
travel in vertical layers at right angles to the length of the chamber, 
from the front to the back end, but each single gaseous molecule 
describes a spiral line, whose axis is parallel to the length of the 
chandler. 

This is of course only a general expression of the path of 
the* ga.ses within the chambers, and is modified locally by 
special circumsti^nces ; but it accounts for the approximate 
equality of the comj)osition of the gases and temperatures 
observed in Lunge and Naef’s, and even in Mactear’s 
experiments. 

Jmprovements proposed for Acidwhambers in accordance 
with the above-described Investigations, 

Hartmann and Iknker {Z. angew. Chon., 1903, pp. S61 to 869) 
accept this t^heory and ^ base thereon theT arrangements for 
producing'rhe propeu movement of the gases by means of a fan, 
placed at the end of the system, by which means they realised 
a very strong “ intense production.” Th. Meyer {ibid., p. 927) 
.strongly contradicted theit assertions. 

Porter {J. Soe. Chem. I mi,, 1903, p. 476) made’ some experi- 
mevts with ‘■a glass model chamber fr,om which he concluded 
that the gases should be admitted into the chamber at the 
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bottom, and the stejim at either e^id, so as to intermix w itl the 
centre core gf botli incoming rnd outgoing <f;ises. ^ , 

Rabe {Z. Chou., 1910, pp. S u> 12. (kt. 1 ', 2;;;5(')i), 

starting on the assnmj)tion of the correctness (tf .\hraliam’s 
theory, proposed to introduce the gases into the chayiher in ihe 
direction of those spiral lines, that is in middle <»f the front wall, 
with an upward direction, so that the gases should at once rise 
to the top, then descend to the bottom and thus start on the 
double spiral lines; special ways can be made for them b\' 
branching/)!! tofvards the sides. 'I'he movement of the gases in 
the desired direction is promoted b\- spra\ s of water or steam, 
not opposite the direction of the gaseous cunamt, as Hartmann 
and Ikmker prescribe (/hr'i/., 1903, p. 805), but parallel to that 
direction, for which purpose they are placed so as to [)l.iy 
against the side walls, or in the centre upwards, so that the 
water (uily arrives at the bottom when it has been converted 
into sulphuric acid. As this will not take place very etjually all 
over, the sprays are better made with dilute acid. I'his way of 
increasing the spiral movement by means of properly arranged 
•'prays may also be followec] with Meyer’s tangential chambers 
(p, 622), both for the upper and especially for the lower part of 
the chamber. 

Th. Me)'cr iZ. them., 1910, p. 535 , referring to his 

above-mentioned former pa{)er on this subject, sa)’s that Katie’s 
views cannot be acceptecJ until trierl on a praitical ;;cale,J)oth 
concerning the way of introducing the gases into the chamber, 
and still more so concerning the [)lacing of water- or sulphuric* 
acid sprays in the direction prescribed by Abraham’s theory. 
He states that already in 1900, when the first “tangential 
chambers ” were built,*thc steam-jets were placed tangeiitifilly 
so that there would be no novelty in doing the same with jets 
of liquid ; but his own experiments in that line did not show 
anything like the eKpectec> increase yi the spiral movement, 
and the expense of raising and injecting all the chamber-acid 
in this way is quite prohibitive. For tangential chambers there 
■is no need of such an artificial means of increasing the move- 
ments of the ^ases. Rabe p. 1135) replies Ir) him that* 

Porter’s experiments with a glass model [supra, p. 96S . are 
inconel u.sjve, as they were made with ctild gases* an^l under 
circumstances othgrwi.^ eiftirely different from those of tne 
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vitriol chambers. Rabe upholds his views ahd again advocates 

the intnoduftion of n large quantity of chamber-acid in the form 
of a spray^ in order to produce an appropriate movement and 
mixture and cooling of the gases, more particularly for 
tan'gcntial rhambers. 

On the other hand, Heskovv (Z. augew. 1911, 

pp. 200 to 206) experimcntaFly investigated the movement of 
the gases in ordinary vitriol-chambers, in the same way as 
he had previously done with Meyer’s taifl^ential chambers 
{supra, p. f>25). He did not in this case fincf currents corre- 
sponding to Abraham's theory, but he conceived the idea of 
producing such currents by dividing the gases, before entering 
the chamber, into ten smaller tubes and blowing them into the 
chamber near the bott(un in various }>laccs. He also took out 
a Swedish patent for this (No. 2.S332), but a chamber built' on 
this plan at llclsingborg did not realise his expectations as 
to increased production and decreased consumption of nitre. 
Later on Kabe's system was published, without taking notice of 
Reskow’s previous work in this direction. 

Olga Niedenfuhr (Gcr. P. 189283) introduces the gases into 
the chambers on the top by central or symmetrical!)' arranged 
openings, and after they have spread e(]iially all over the 
clianiber, without any mechanical device, they leave tlie 
chamber by central openings in the bottom. Ry her 
Ger. -P, 189330 ."^.he a()plies the same way of introducing and 
taking out the gases also to reaction-towers, and her 
Ger. P. 189834 shows how a spiral movement of the gases may 
be brought about in chambers of circular section by means of 
spirall}' arranged [)artitions {vide supra lier circular chamber). 

Carbon Dioxide in Chamber-gases. 

It is generally assumed by manufacturers that carbon dioxide 
exercises a v«ry injurioi>s action* iiiMie lead chambers, and it is 
principally on this account that “coal-brasses” are not con- 
sidered a good raw material for the production of sulphuric 
acid (pp. 65, 458). If this is really the case, it is all the easier 
*tO understand why the proposal's for filling the lead chambers 
with coke have been unsyccessful. The reason why it should 
be 1)0 is, not yet clcM. Some practical men assume.that the 
CO., forms distinct layers, preventing the intimate contact of 
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the gases with caci> other and with the hottnm-acid ; but I am 
not aware of any direct observations on tin’s poin/:, txcept in 
one case where blende containing very much carbonates was 
worked, when it was found by man)- gas-analyses that the 
carbon dioxide accumulated in the corners and oplier ‘ dead ” 
places, whilst the main stream the gases cujntained much less 
CO.,, 'fhis subject ought to be further investigated, especially 
as I know of a Bohemian works where sulphuric acid is made 
from material c^^ntaining to per cent, of bituminous substances, 
without affiy special trouble being experienced. 

Duration of Pasisa^o;o of the (uucs tliroui;‘Ii the Chauibors. 

Calculations have been made as to j!o:o i<a/ii tlit'i^‘asi's remain 
in Vie lead chambers before the manufacture of suiphuric acid i.s 
complete. This subject is trcaterl at Kuigth in our first edition, 
vol. i. pp. 455 et seq. ; here we will only mention that Schwarzen- 
berg calculates that the gases pass through the chambers in five 
and three-quarter hours, Bode that they take three and three- 
quarter hours, and I in>*self (assuming a chamb^r-sjjace of 
20 cub. ft. per lb. of .sulf)hur and burner-gases with S per cent. 
SO.J reckon two and three-cjuarter hour.s. It is also there 
calculated that, assuming a consumption of q parts (;f ,pure 
.sodium nitrate to lO) parts of sulphur burnt, thc! nitre-gas does 
its oxygen-carrying work 130 times over Ifeforc' ^’t is lost in 
some shape or another. Sorel calculates that in a .system 
working on thc “high-pressure” plan, with only 07 cb.m, 
per kilogram, or ii-2 cub. ft. per lb. of suljjhur burnt (in 
winter), the gases take only one hour thirty-four minut(*s to 
pass through the chambers. 

'J'estin;e;jlic Chamber-exits. ^ 

• 

Apart from thc ultimate check on the proce.ss afforded by 
frequent estimations of, the yield of acid and the consumption 
of nitre, of which we shall speak later on, it is very desirable, 
and has even been for some* time past re(piir(?d by law, 
control thc quantity of acids escapirtg frupi the vitjMol-chambcrs 
into the atmosphere. far as “low-level c.scapes • are 'con- 
cerned, that is the g?is bfowing out of pyrites-kilns, potting- 
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holes, accidental leaks in the“chaipbers, aiuf so forth, it is not 
possibl6 <0 f^stiinatc^ them directly ; but it is just these kinds of 
escapes th^it are most readily perceived, and although they may 
be very troublesome to those residing in the immediate neigh- 
bourhood, they hardly ever amoynt to any considerable per- 
'centage of the sulphur burnedy 

It is very different with the gases escaping from the end of 
the whole system into the atmosphere, whether it be through a 
simple pipe or a Gay-Lussac tower, or the cjiimney. These 
“high-level escapes “may cause a serious manufacttlring loss, 
and they may also amount to a real nuisance to the parties 
living near the works, although in most instances only 
temporarily, especially in unfavourable weather. Before the 
introduction of nitre-recovery apparatus the loss, both of the 
acids of sulphur and those of nitrogen, must have been far 
more considerable than now, as the whole style of working 
inevitably tended in that direction; but nothing certain can be 
stated with regard to this, as no observations on the acidity of 
chamber-exits were formerly made, and at j^resent all well- 
arranged \t'orks do recover their nitne. In this case the lo.sscs 
will not be (piite so serious, but they do exist all the same, and 
that to a greater extent than was formerl\' supposed. 

^mong the first who drew attention to the nece.ssity of 
regularly testing the chamber-exits for their acidity were 
Alactc^ar (fVov//. .VVaw, vol. xxxvi. p. 49) and G. E. Davis {idiW., 
vol. xli. p. 188). 

Control of the acids escaping from the chambers into the 
atmosphere has been made compulsory in England, since, in 
1881, it was enacted by law that the total quantity of sulphur 
^acids escajiing from an alkali-works should not exceed 4 g. 
per cubic foot, expressed in terms of sulphuric anhydride, SO^ 
(sec. 8 of the Act). .About nitrogen acids or nitric oxide 
nothing is,eitactcd, probably because the quantity escaping 
from alkali-works is never so great as to cause a nuisance, but 
it is all the more important for the ^nanufacturer himself to 
know how much nitre he is losing in this shape; moreover, in 
(tsting the chamber-exits “it is *but little additiopal trouble to 
include the laitrogcn adds. < 

fn Germany, by an order in Council of ist July 1898, the 
maximum amount of total acids in the exit-ceases of works 
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burning pyrites ha?; been h\cd at 5 g. from blende S g. per 
cubic metre, calculated as SO.,* ' •* 

The British Government Inspector’s Reports shov that the 
real escape of acid gases from the exits of sulj)huric-acid works 
is far below the maxhrmm prescribed by the Act. average 

amount of acids escaping, calcul<'\ted in grains of SO,^ per cubic 
foot, were in 1887, 1-500; in 1888, 1-490; in 1S89. in 

1900, 1*198; in 1901, 1-186; in 1909, 1*162 (in the same year 
the exit-gases ,from the concentration and distillation of 
sulphuric ticid averaged 0-773 gr^dns per cubic foot). 

It seems to be lawful, where the ga.ses cannot be suflici- 
ently diluted down to the standard e.scape by means of fuel 
gases from other ])arts of the process, to do this by atmospheric 
air admitted to the chimnev' {Alkali I fispir/ors Juporl, No. 38, 
p. 7 ^J). 

Two .systems may be employed for controlling the acid 
escapes — that of taking scvcTal sej^arate tests through the da)', 
and that of continuousl)’ as[jirating some of the gas through a 
set of ab.sorbing-apparatus, and measuring the (juanlit)’ of gas 
passed through them. • 

The unreliability of the first system is too patent to be 
enlarged upon ; it is hardly applicable at all to night- work, to 
begin with. Hence the ('onlinuoNs-h's/ini^ srs/iin has been 
generally adopted, and^ this at many works in tlie very 
complete shape given to it by Mr MacteaV c//. ).* 1 1 is 
a{)paratus consists (T a water-jet j)ump (of the swstem invented 
b\' Dr Sprengel, but commonly called “ Ihmscn pump’j lor 
aspirating the gases, a set of ab.sorbing-tube.s, and a gas-meter 
to measure the voluipe of the residual ga.ses after ab.s/)r])tion. 
The whole, including the cocks and connections, is enclosed in 
a locked closet to prevent their being tainpered with. 1 he 
meter is fixed with an index .so arranged that by obs'erving the 
reading for one miiuite the rate of passage per hcTurJs given by 
direct indication, .so that the rate of aspiration is easily arranged. 
Mactear at that time p/oposed cau.stic .soda and ammonia as 
absorbents, to be titrated for SO.^ with permanganate ; but this 
would yield (}uite wrong result.^, far below the truth, as .sodiun^ 
sulphite is rapidly oxidised by the <«Kyg|'p passing^^»through the 

solution. ^ . . ' » . 

Mactear’s appArattls is 'very efficient, but it is verv costiv. 
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and any such delicate apparatus as a ^as-mcter is very liable tc 
get out*oftf)rder iit such proxirnky to acid' vapours. Hence at 
most places cheaper and simpler forms of aspirators have been 
adopted. One of the simplest is represented in Fig. 340. It 
^ consists 0? two glass bottles, I. and II., O'ach provided with a 

/ 


d l) 



Fig. 340. 


twice-perforated india-rubber cork, tjirough which pa.sses one 
elbow-tube (a, b) ending just below it, and another (c, d) reaching 
' down to the bottom of "the bottle. The tub^s r and d are 
connected «with an elastir tube ; another such tube connects 
either b with the absorbing. apparatus. One of the bottles, 
^ say I., is placed so that its bottom is raided above the top of If. 
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If now h is connccccd with the absorbinj^^-apparatus, and the air 
is sucked from a for a moment, the siphon •formed d and 
the clastic tube begins to run, gas being aspirated from b. When 
the contents of I. are run out, the elastic tube is detached from 
/^,'the position of the bottles is reversed so that lUnow stahds 
higher, and the elastic tube i:^ put upon a ; the connection 
between c and d is not touched. Usually the siphon begins to 
act again of its own accord ; otherwise it is started l)y sucking 
for a moi^ent at a. The quantity of water running out of the 
bottles at^each turn is determined once for all. 

The plan just described has the drawback of requiring an 
attendant to change the position of the b()ttlcs, and is hence 
hardly convenient enough for continuous testing, hor this 
purpose, if a meter is to be dispensed with, a vessel of large 
caj^acity, say several cubic feet, should be provided, sufficient to 
serv'e for twenty-four hour.s without special attendance. Such 
a vessel can be made of glass, stoneware, or wood lined with 
lead ; it should be cylindrical and provided with a gaugi' for 
measuring the height of the w ater within ; in order to act (juite 
equally it should be on tke principle of a Mariotte*s bottle, as 
ciescribed on p. 709. The form adojited by \oungcr { /. Soi, 
Chcjn. hid., 18S7, p. 347) has no special advantages. 

An excellent apparatus has been described l)\’ W. (t. Strype 
{'Trans. bJcivc. Chcni. Soc., 18S0, vol. iv. p. 357 )- here 

give a description of it, abridged from the invlaitork^ own •words, 
with two drawings. Figs. 341 and 34^, showing it in two differtnit 
conditions ; but it is unnecessary to say that some details, suth 
as the absorbing-apparatus, may be varied without any detriment 

to the principle. . 

Fig. 341 shows it*in the process of being charged with ^'ater 
and having the old solution removed ; and in Fig. 342 it is shown 
as in ordinary work. The measuring-vessel K is of some 5 cub. 
ft. capacity. The* supply of water* to charge* tl;is vessel is 
through the cock A, communicating witfl the vessel by means 
of the large pipe 1 ^, C, which is carried up to the open end at D, 
and to such a height as* to ensure that too much pressure is not 
thrown on the apparatus whenkt is being chargc^l*; if too much, 
of course the water will overflow aUthe^open cnd.D. 1 he .iir 
or residual gas remaining in the measuring- vessel ;iftcr*each 
period of absorption (•scapes, when it is being refilled, througjt 
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the tube d' d' into the lo\vc^ vesspl 1^', und'er the pressure of a 
small hixuljof vvateV ot about oiWi foot, and as the escaping air 

ill-' ^ 'l- 


T' 

1 ) 



r 


Fig. 341. 

c . 

coin'll! unicates by means of the tube*/ /; // with the test-bulbs, 
the pinch-cock at c being opened, the sm^dl p/essure thus expels 
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the old absorbing-solution [is shbwn in Fig. 341. When 'he 
vessel K is full, the old absorbing-solution Ifteing drivoiir out of 



the bulbs, the cock A is* ’ahut, and the excessive wat4‘r drtijns 
away from the small dfip-pipe //, thus emptying all the conncw-^ 
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tions to the condition s(io\vn in Fi^. 341 ; and the pinch-cock at 
c, and the re^ulatiiii^ pinclkcock on the pipe at which 
communicates with the chamber-exit, being closed, the flow 
ceases, and equilibrium is established by the apparatus being 
ui'ider theomall vacuum due to the head of water in the vessel 
K ovei the open drip-pipe (/. ^ The pinch-cock c is now opened, 
and the india-rubber tube hanging from it is dipped into a 
beaker containing the test solution, which is now drawn up 
into the bulbs by the vacuum. When the cTiarge is complete 
the pinch-cock at c is closed, and tlie regulating pcnch-cock r 
opened to the required extent so as to admit the escaping gases 
from the chamber-exit to enter the apparatus ; and absorption 
of the acid follows, together with accurate measurement of the 
volume dealt with ; the residual gas passes into the measuring- 
vessel through the tubes // b,f J" f \ The latter tube is caTried 
down at /'" close to the bottom of the vessel E, in order to 
secure a uniform flow of gas with the varying head due to the 
gradually diminishing level of water in the vessel, in the manner 
too well known to need further reference, and it is to secure this 
point that a difficulty arises in ari^anging such an apparatus. 
The tube a a a must be sealed off when the apparatus is at 
work if the flow of escape through the absorbing-solution is to 
be at a uniform rate, and this is accomplished b\’ a very simple 
plan. Upon turning on the water at A to charge the apparatus 
the v'ater*nns (town a a, and when as low as the inclined pipe 
at/, air glides upwards, and the small tjuantity of water in the 
(nclincd pipe /also drains away; without this contrivance there 
would be a small (piantity of water driven over into the test- 
bulbs each time the apparatus was charged, but the tube being 
plated in a diagonal direction entirely prevents this. 

The proporti(ms and relative positions of the various parts 
are accurately shWn to scale in the drawings, and it is 
important/his should be carefully attcnd(^d to in constructing 
the apparatus. * 

The arrangement to contain the absorbing-solution consists 
of a series of 30 bulbs, each about i J in. diameter, with small 
and short nV'cks between' their. ; the bulbs are .made in sets of 
10 each; ^ sets are coijpled together with small pieces of 
india-rubber tubing, and the charge of 300 c.c. occupies about 
22 of them, leaving a little free space iivthe upper part ot each. 
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A large bulb of soiup 4 in. diameter is f)laccd, as shown, at the 
head of the bulbs, to ’catch any^of the absorbing-solutioi^ jn case 
it should be drawn up through all the smaller* bulbs by 
accidentally turning on the flow of gas with too muclT violence 
ill starting the apparatus. The solution used in th^s way con- 
tains too c.c. normal caustic Soda, diluted to 300 c.c, ((doiired 
with litmus (methyl-orange must* not be used in this case as 
h is destroyed by nitrous acid). 'I'he drain-pipe (/ is always 
open and is of small aperture, but siifticieut to more than 
carry the* water as it drains from the measuring- 

vessel in ordinary working, and thus a constant vacuum is 
maintained. 

The apparatus is preferabl}’ constructed of glass, with 
india-rubber junctions ; but of course it can just as well be 
macki with an iron or lead measuring-ve.ssel and lead pi[)e.s, a 
water-gauge being empkn ed to observe the level of the water 
in E. 

The staunchness of all the parts is ascertained, when the 
apparatus has just been charged, by shutting off the pinch-cocks 
c and e, and seeing that no ;vater drains from the oji^’n pipe (/. 
In charging, the waiter freely Howas from (/, but the aperture 
being small this does not appreciably interfere with the filling 
of the vessel la. 

Whatever be the system oi aspirating the gases, they n%ist 
be passed through certain solutiofis io absorb tiu' acid^ cont|aincd 
therein as completely as possible. Ihe different acid com- 
pounds of sulphur arc estimated together, as well as those (#1 
nitrogen, whatever degree of oxidation they may possess, i lie 
following prescriptions agree in the main w'ith those worked out 
by Hurter and published by the British Alkali Makers' Assaeia- 
tion in 1878.^ A continuous test over twenty-four hours is* 
taken of the gases escaping from the exil*-pipcs of, the (jay- 
Lussac towers, aspi»ating art least i ci^b. ft. per fyair by means 
of any aspirator acting at a constant rat^, and re(?ording the 
volume of gas ( = V) by means of gauging the aspirator or by 
• a gas-meter. The volurfte V is reduced to o C. and 760 mm. 
pressure F. and 29-92 in.) by the tables contained iQ 

^ These prescriptions, with a few iinpniivenients in an^ylical details, 
are also given in Lunge’s 'Technical Chemist^ Ifandbook^ pp> 118 

et $eq. 
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Lunge’s Handbook, pp.^sS se\}.^ arid is now called V. In 

order to allow cqniparisons, the' number of cubic feet of 
chainbcr-s|jacc per pound of sulpliur burnt and passing into the 
chambers* is recorded, excluding towers, but including tunnels, 
the arnoui^t of sulphur being taken by the weekly average, 
stating (the distance of the testing- 
hole^ from the point at which the 
gases leave the Gay-Lussac towers. 
The absorption-apparatus consists of 
four bottles or tubes ’(Fig. 'j43 con- 
taining each not less than lOO c.c. of 
absorbing-liquid, with a depth of at 
least 3 in. in each bottle, the aperture 
of inlet-tubes not to exceed -L in. in 
diameter and to be measured by a 
standard wire. The first three bottles 
contain each looc.c. of normal caustic- 
soda solution (31 g. per litre), the 
fourth 100 C.C. distilled water. The 

caustic .soda must be free from nitro- 

«• 

gen acids. The gases are tested (i) 
for total acitiity, stated in grains of 
SO.j per cubic foot of gas, or el.se in 
grammes per cubic metre ; (2) sul- 
phur acids ; (3) nitrogen acids— both 
stated in grains of S and N per cubic 
foot (or grammes per cubic metre). 
The analysis is carried out as follows : 
— The contents of the four bottles 
are combined, t?*king care not to un- 
necessarily augment the bulk of the 
liquids, and are divided into three 
equal part.s,one of which L reserved for acci(i’cnts,etc. The first 
part is titrated with normal sulphuric acid (49 g. l Lb04 per litre) 
to ascertain total acidity. The number of cubic centimetres of acid 

‘ 'Die law prescribes the cul)ic foot to be measureci at 60" K. and 30 in., 
which nccessit.atcs the use of other taWes or factors than those mentioned in 
the te.Kt, but the difference is ha|j[lly peri eptible, and is within the limits of 
expejimenta! efror. ** 

*. Taken from Jurisch, Schwefelsaurefabidkation^ p.^224. 
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necessary for neutral isatrtDii is«called .x\ | H'he second part of me 
liquid is gradually poured intoa warm solutij)n of potassium per- 
manganate, strongly acidified \lith pure sulphuric aciH. *f\ small 
excess of permanganate must be present, and must be«ifter\vards 
reduced by the addition of a few drops of sulphurous-iix'id 
solution, until only a faint re(J tint is visible. Now all njlrogen 
acids are present as HNO.., but n^j excess of SO.,. The UNO. is 
estimated by its action on h'eSO^. Twenty-five c.c. of a solution, 
containing per lit’'e lOO g. of crwstallised ferrt)us sulphate and 
100 g. pLiPe sulphuric acid, are put into a flask, 20 It) 25 c.c. 
pure concentrated sulphuric acid is added, the mixture is 
allowed to cool, and the other mixture, treated with perman- 
ganate, etc., is added. The flask is closed b}’ a cork with glass 
tubes. A current of CO., passes through and issues beneath the 
surface of some water, to prevent entrance of air. J^'irst, all the 
air is expelled in this way by an ap[)aratus evolviiig ('O, by 
constant action ; then the solutions are introduced, and the 
contents of the flask are heated to boiling, till the dark colour 
produced by the formation of NO has changed to a clear light 
yellow. This lasts a quarter of an hour to one hour, according 
to the quantity of IlNO-j pre.sent and that of the sul}^mric acid 
added. The unoxidised ferrous sulphate is titrated by a semi- 
normal permanganate .solution (yielding 0004 g. oxygen j)er 
cubic centimetre); the cubic centimetres used --y. Siiu;e*the 
titre of the iron solution* changes pretty quickly, it should be 
tested daily by taking out 25 c.c. with the same* pipetle as 
serves for the above-described operation, and ascertaining th^' 
amount of permanganate required for oxidising it, -- ; c.c. 
The magnitudes sought are found by the following expia- 
tions : — . 


1. Total Acidity in grammes 
per cubic metre : 

» • 

_o-i2o(ioo-.v) 

^3^3- . 

2. Sulphur in grammes per 
cubic metre v, 

o _ 0*008(600 - 6.V - 

V' • 


1 . / 'otal Icidit y in grains j i e r 

cubic foot : • 

2. Sulphur in grains [)er cubic 

fr,ot : 

.• o*i^346(()oo 


^ v\ 
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3. Nitrogen in gramme? per, 
cubic metre : , 


' 3. Nitrogen in grains per 
cubic foot : 

xt^o:io8o3(; -;•) 

V' 


, If the pitrogen acids are not to be separately estimated 
.(and the Alkali Act docs not require this to be done), the 
above prescriptions can be extremely simplified. It is only 
necessary to employ the apparatus shown on p. 572, Fig. 156, 
and intended for testing the burner-gases for<^’sulphur acids, or 
else one of the absorbing-apparatus to be mentioned below is 
employed. The apparatus is charged with 100 c.c. of normal 
caustic-sodci solution, coloured with phenolphthalein, which acts 
equally upon SO^ and and this is re-titrated with 

standard acid. The caustic-soda solution .should be as free as 
possible from carbonate, as C(X acts upon [)henolphthalcim as 
well. The formula for calculation is then No. i divided by 3, 
that is 


SO, 


0*040(100 -.v) 
V' 


per cul)i(' metre, 


0*617(100 

V' 




r. per cubic foot. 


When the object of testing the exit-gases is merely to 
ascertain the total acidity, in view of the requirements of the 
law'(p. 579), it is sufficient to pass a certain volume of the gas 
through a solution of hydrogen peroxide, which oxidises the SO2 
to ir,SC)^,‘and then to titrate the whole of the acids with 
caustic-soda solution and methyl-orange, and calculate them as 
SO,. In a very exhaustive paper (/, Sol\ Chem. Ind ^ 1902, p. 
1490) K. F. Carpenter and Linder prove that the best way of 
pro(;:eeding is to employ for the absorption a mixture of i vol. 
semi- normal caustic-soda solution and 10 vols. hydrogen 
peroxide solution, which is afterwards re-titrated by phenol- 
phthalein at a boiling heat, or by methyh^jrange in the cold. 
In this cait: the niti^ogen acids proper are also absorbed, but 
NO is only very little acted upon. They believe that* thus 
certain sulphazotised bodies, present iu chamber escape gases, 
are also dealt with. The nitrous smell, sometimes observed in 
the gases discharged from the fxdlows aspirator, they assume to 
be paused by the reaction : 

H,,0, + 4 HNO,, = 2 HNa + 2 NO + 2 H., 0 . 
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IL J. Watson C/ Soc Chem. 4mi., f903. P- i-79) S^'neraDy 
confirms Carpenter s and fdjider’s results* and c^ui(iljisions, 
especially the necessity of employing both alkali and hydrogen 
peroxide. He suggests using five absorbing-vessels ; the first 
two being charged wi.th h)’drogen peroxide and the tlher thrte 
with alkaline hydrogen peroxMe.^ The first show the acitlity ol 
the gases, the last three the nitre h)st through that formerl)^ 
neglected compound existing in chamber-gases. 

The shape of^Jie absorbi 7 ii^-vessi'ls is not at all indifferent. 
When eniployin^g ordinary bottles with simple glass tubes 



Fig. 344- 345- 


dipping below the liejuid, the absor[>tion is often incomplete, 
even if several bottles are used in succession, which causes 
considerable pressure. The use of very narrow inlel-tubcs, as 
prescribed in the Alkali Mdkers^ (see ibovc, p. 9«o), 

lessens, but does not entirely • avoid th» evil, of incomplete 
absorption. The potash-bulbs used in organic analysis cannot 
be employed, because it 'is too difficult to empty their contents 

’ without any lqs.s. y * , .u* 

The ab.sorption is better when^psing Mitscherjich s tubes 
(Fig. 344 ), of which Tod(!i;s tubes (Fig. *^45) are but^ a slight 
Jnodification. The shape oP absorbing-bottle shown^ in Fig. 34 > 
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serves also very well! ' Better than these, ‘is the Pettenkofer 
tube as, modified by myself 347), and still better a 10- 
or 15-biilb-tube, as shown in P'ig. 348,000 of which generally 
suffices foV complete absorption. 

• Ordinary absorbing-bottles fail of their purpose where 
'white mists of acid in a vesicular ‘^form have to be dealt with, 
as in the case of the gases from overhead-fired pans or beaker- 
apparatus for rectified vitriol {cf. Chapter IX.). In these cases 
the bottles may be shaken a hundred times and upwards without 



Fk; 347. 



jntircly removing the white mist. The Alkali Inspectors have, 
however, .elaborat<!:d a bottle performing this service most 
efficiently. 4 shown in Fig. ‘349. where we notice the 
ab.sorbihg-t)ulb, containing inside a number of india-rubber rings 
(cut from ordinary small tubing). The gases pass through 
the central tube a, by small holes d Fiear its closed end, into 
^he bulb l\ and before they is^uc through the holes c c they 
arc broken up into small bubbles by the india-rubber dippings, 
whv^h are Washed by the movemer.l of the liquid in the 
apparatus, and thus produce a thorough scr.ubbing of the gas. 
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The upper bulb is wide, die Mwcr ji-iii., the lx 

opening J-in. ; these proportians should be •obsei vc<j 
the object. Exit-tiibe e is filled with glass-wool. ^ 
Nitric oxide c^w be (and generally is) present in the 
after passing through the absorbing- v 
bottles, as its oxidation to when it 

is strongl)’ diluted, is an extremely slow 
process {cf. 40/// Alk<di Keport, p. 2;). 

It can be estimated in an absorbing-tube ^^’1 
(h"ig. 347^ or better in a bulb-tube (Mg. j'|' / 

348), interposed between the tubes of the j j 

apparatus serving for estimating the acids ; [ , 
and the aspirator. The bulb-tube is 
chafged with 30 c.c. of .seminormal [K'r- 
maflganate solution and .several cubic cen- 
timetres of sulphuric acid. 'I'he gas is 
passed through for twenty-four hours, 
and the tube emptied and washed out. 

Now add 50 c.c. of ferrous-sulphate 
.solution, corresponding tf) 2.r perman- 
ganate, and re-titrate the decolorised 
liquid with permanganate. (If a precipi- 
tate of manganese peroxide has been 
formed in the absorldng-tubes, riii.se the 
tubes with some of the iron solution.) 

The quantity of the permanganate last used is called /c 
NO has altogether consumed (30-f // — 2.:) c.c. of permang. 
giving 


Ut'in- 

;iltain 


34 'J- 


’Ihe 

;mate, 


In j^ranimfts of iiitro^tMi per (•nbic 
metre of U.h volume V'. * 


us -jf nii ntRi'n p' i 
CUllW flHit, • 


jsj ^ o‘oo 7 (30 + /^ 

3V' 


.2Z) 


0-10803 ( 30 -! // 2 '] 

The (.[uantity of fiitric o^cide presei>t in chain Iftu'^ex it -ga.se.'i 
may be at times rather considerable without attracting notice 
as it oxidises only ver^- slowly when strongly diluted with 
inert gases. This makes some of the absorbents propo.sed^ 
as hydrogen peroxide or a mixture* of strong sulphuric with 
nitric acid, practically useless for Uic estimation, of NO, as 
proved by myself by *it^ny laboratory experiment»s. "fjic 
paper of Carpenter.ancV Linger, quoted p. 982, corroborates this 
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• I * 

Just for this reason I Virst proposed in i-S'Si the use of an 
acid s^liti^m of potassium permanganate and the apparatus 
described ^ here. Even this process requires a very good 
absorbing-apparatus and a very slow stream in order to take 
all*the NO*out of tlie ga.ses. , 

* ThO apparatus and incthou's bcscrihed by Lovett ( /. 

C 7 i{'m. hid., 1882, p. 210) may be consulted by those specially 
interested in this subject, but call for no special remark here. 
This holds good also of the papers of (k Ik Davis Neics, 

. xli. p. 188) and Pringle ( /. Soc. Chem. hid., 1883, P- 5 ^’) 

d'he gas collecting in the asjjirating-vessel of any of the 
above-described apparatus, being an average sample of the 
exit gases free from acids, is very conveniently employed, in 
preference to samples taken at random over the day,* for 
cutiinathii!; the oxy^e;en contained in the exit-air. 'Phis estimation 
has been previously de.scribed (p. 578), and we have here 
only to show how the estimation of ox\ gen in the exit-gas 
may be used for aseeiidiniiiy the (jHautity of sidphiir burnt, 
expressed in grammes [)er litre of the exit- gas, so that the 
quantity njf sulphur lost in that gas jnay be put in direct 
comparison with the total sulphur used. For this the following 
formula has been proposed by me in Diu^l. polyt. ccxxvi., 
p, 6,34 


f JO-95. X 0-009037 X 
* 1-00367 


X 


t 


h 

760 


A'. 


Plerc a denotes the percentage of oxygen in the exit-gas, t its 
temperature,// the barometrical pressure in millimetres, the 
total quantit)- of the sulphur actually burnt, expressed in grammes 
perMitreof the exit-gas; with this the quantity actually found 
should be compared, in order to find the percentage of loss. 
It should not be 'overlooked that no account is here taken 
of the sulpjiuf remaining in the cinck-rs. " 

Coleman (/. Soe?Chcni hid., 1906, p. 1201) describes and 
illustrates his plan of ympJneidly reeordiny the work of vitriol- 
chambers, which indeed appears to be very useful, although 
vather complicated. * , 

Knorre,and Arndt (/fr/. her., 1899, p. 21^36) mix the gas 
wirii h)Ylrogen and pass it very shAvIy through a bright red 
heated platinum capillary which cUuses a .contraction to the 
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amount of !! of the yolume of ?he iiitric*)xi(lc orij^inally present, 
according to the reaction : — ^ 

2NO + 2II, : 2ll..() f-N,. 

4 vols. J Vl»1s. 0 vtjl.s. vol.s. 


Tiii'ioKV OF TUF I'okMATiox <>!• Sui.i’iirkic Acid i:\’ 

TllK VlTKI()L-('l!.\Mr.i:R PR()( KSS. 

Whetj^dcsci'ibing in {)revious chapters the behaviour of^ 
sulphur dioxide towards the various nitrogen compounds in 
the presence of water, sulphuric acid, etc., and the formation 
and decomposition of nitro.sosulj)huric acid, we have Ijcen 
obliged repeatedly to forestall theoretical consideratiems ; but 
theee will now be brought forward connected!)' and in tietail. 

We must from the commencement bear in mind the 
fact that during the burning of sulphur, whether in thc‘ form 
of brimstone, pyrites, or bUmde, etc., substantial!)' sulphur 
dioxide (SO.,) alone is formed ; the formation of sulphuric 
anhydride or acid, alwa);s occurring at the samu time (at 
least in the case of pyrites), is not taken into account here, 
being merely a secondary reaction, and not exempting us 
from the task of explaining the oxidation of the sulphur dioxide 
in the lead chambers. That this does not take place to an 
appreciable extent by the direct action ok the^tmo.ij)heric 
oxygen, may at the outset be takim as established. JUit it 
is just as certain that the oxygen of the nitre introduced 
into the process does not suffice to account for it; for the 
sulphur dioxide from lOO parts of sulphur reciuire.s ^another . 
50 parts of oxygen hi order to be oxidised to sulphuric <icid, 
which would correspond to 81-5 parts of nitrate of .soda* 
even if this compound were reduced to flitrogen., ihit it is 
well known that, imder favourable cfiiiditions, oyly to of 
the above quantity of nitre h used ; ai^d this fac! must now 
be explained. 

The first theory oil" this subject was |)ropoundcd as early 
as 1806, by Clement and Desormes. (//««. p. 329),; 

and it must &e owned that they had observed most of the 
essential facts,’ and conruytcd them by a’theory wliich ha<i not 
had to be entirejy modified fl'ith 
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the j^rowth of ()ur knowfeclge.r Tiiey had studied the behaviour 
of sulfjliur dibxidt towards a /.nixture 6f nitric acid and 
atmospheric air; and they proved that, even in the crude 
process tlien in use (where a mixture of brimstone, saltpetre, 
and moist vclay was heated in a furnace and the gaseous 
•products were conducted into,<the« lead chamber), considerably 
more oxygen was transferred to the sulphur dioxide than 
the saltpetre contained. They already explained this fact in 
substantially the same way as it is cxplain(!'d nowadays, viz. 
thus:~From the nitre-gas oxidised by atmospherv; oxygen, 
and from the sulphur dioxide, sulphuric acid is generated, 
whilst the nitre-gas is re-formed. The nitric acid is only 
the instrument for the complete oxidation of the sulphur, which 
in doing its work is not destroyed; for its “ basis,” the nkre- 
gas takes up oxygen from the atmospheric air in ordef to 
present it to the sulphur dioxide in a suitable state; but it 
remains in its original state at the end of the process of forming 
the sulphuric acid. The presence of water they explain as 
necessary, first, for keeping the temperature of the reaction 
sufficiently* low ; secondly, for condensing the sulphuric acid 
as it forms. They also observed in the process the production 
of white star-shaped crystals, which on contact with water 
gave out nitre-gas with a .strong evolution of heat, and they 
already suspected that this compound had a prominent share 
in the acid-f 'rmiKg proce.ss. 

If. Davy showed, in 1812, that the presence of water is 
absolutely ncces.sary (Berzelius, Lelirbuch^ i. p. 471), because 
in the dry state the gases do not react upon each other; but 
a small^ quantity of water added to the mixture of sulphur 
dio>^ide and nitrous vapours causes the foi^mation of the crystals 
'observed by Clement and Desormes. Davy, therefore, con- 
sidered tlvat body 'an intermediate link indispensable for the 
formation of ♦ sulphuric acid; with* our pf*esent notation we 
.should express his opinion in this way : — 

I. 2S(T + 3N0._, + up - 2 SO., (OH) (ONO) + NO ; 

. II. 2SOu(OII) (ONO)^ H..O-2S(b{OH).,-}-NO., + NO; 

III. 2 NQ + 2 () - 2 NO... 

Therefore we commence with jNO.^ ;.and^we recover of this 
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I NO., in the equirtjon 11 ., 2hfO,, jn tha fcquation^ III., in order 
to begin the process over agiiji. 

This opinion has been accepted by many other cfiemists, for 
instance La Prevostaye (.///«. Chim. Phys., Ixxiif. p. 326), 
Gmelin also adopted.it andbuch , 5th ed. i. p. 875 ),« 

An afpiircntly simpler explanation of the vitriol-chamber. 
proce.ss was given by Berzelius {I.clirbuch dt'v (.hcinu\ Wochlers 
translation, 4th ed. 1835, vol. ii. p. 12). He believes the forma- 
tion of chamber-crystals to be not a ncccssarv intermediate 
process, ^t only an exceptional ca.se hap|)ening in .some parts 
of the chamber where steam is wanting. The process proper, 
according to him, is the transference of oxygen from “ nitrous 
acid " to sulphur dioxide (and water), producing sulphuric acid 
and nitric oxide, from which, by means of oxygen, nitrous acid 
is regenerated. 

We should have to express that theory in our iiroscnt 
notation by the following equations : 

(1) SO., + Nh,(\-i II, SO, -I 2 NO: 

(2) 2NO + 6 N .O;. 

But 1 have shown (/>Vr, 1888, p. 3225) that Berzelius, as was 
natural in those days, made no sharp distinction between 
NoO. and N.iO^, and evidently by “ nitrous acid ” often means 
N/)j. It is also an important fact that in his J ahrcsbei'. for 
1844*, when the difference between N., 0 ., and jvJ .O had become 
clearer, he distinctly states (p. 62) that N.O, is firmed when 
NO meets a sufficient quantity of oxygen or atmospheric air, 
whilst with an excess of NO, that is, in case of a deficiency of 
oxygen, Np., is formed, together with some N, 0 ,. In fact 
most subsequent writers have not introduced nitrous aifhyrUide, 
but nitromi Peroxide, into the explanation of the chamber-, 
process, starting from the indubitable fact that in ordinary 
laboratory experiments nitric oxide with an exqpss of oxygen 
fonts almost entirely, or perhaps cven.exclusivefy, nitrogen 
peroxide, and tacitly assuming (without any [iroof of ever 
having attempted to dttect its presence) that nitrogen per- 
oxide was the oxide of nitrogen prevailing in vitrjol-chambers,; 
also overlooking that the abovV-mentioned laboratory fact is 
entirely modirted by th« presence! of other subsfences it; the' 
vitrioj-chamber. Thus ft, came to pass that the following 
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equations wer^e generally held to express the vitriol-chamber 
process la— ' 

‘ ‘ (3) SO., + NO..-t-n..O I1.,S(), + N(); 

‘ (4) NO + O “ ' 

, The gvfydt simplicity of this expression seemed to be its 
jecomn^endation, but it was ^overlooked that in nature the 
simplest explanation is very often f/of the expression of truth. 

Even long after Berzelius no sharp distinction was made 
between the equations (i)-f(2) and (3) + (4V; probably most 
chemists tacitly assumed, as was explicitly done by'some, that 
the vitriol-chambers contained a mixture of N.,03 and N^G^, 
both of which acted as oxygen carriers upon SO,„ and this was 
generally meant when speaking of the “ theory of Berzelius,” 
which was certainly accepted by very many chemists. 

For some time another theory, that of Peligot, published in 
1844 (//////. C/ii///. P/iys, (3), xii, p. 263), contested the palm with 
it, and was accepted, more especially in France, for a long time ; 
even Kolb {litudes sur la Fabrication de PAcidc sulfurique^ Lille, 
1865, p. 22) adhered to it; and so did Pelouzc and P'remy 
{Traite deChimic, 2nd edition, i. p. ^98). 

Peligot, like Berzelius, denied that the chamber-crystals 
had an essential share in the formation of sulphuric acid, or 
that they appeared at all in the regular process, either in a solid 
forrti or in solution. Me attributes the oxidation of the sulphur 
dioxide within tlip lead chamber exclusively to nitric acid, not 
to the lower oxides of nitrogen. The water is added to 
decompose the hyponitric acid formed from nitric oxide and 
atmospheric oxygen, or the nitrous acid formed at the same 
time, into nitric oxide and [hydrated] nitric acid, and thus to 
regqnerlite the only oxidising agent acting in this process, viz. 
' nitric acid. In watery solution, he says, no nitrous acid exists 
[which is altogether wrong] ; from a mixture of nitric oxide 
and atmosphc^^ic air not but only is formed. These 
opinions \^ill be m^de clearer by the following equations 
(rendered into modern symbols): — 

. I. SO., 4- 2NO., . OH - SO:;(OH)., + N.,0^ ; 

II. 2N;0,, + H./)" ^ N.,03 4- 2Nd., . OH ; 

‘ ill. 3N:,03 4- H.,0 < - 4NO + 2NO.; . GH ; 

IV. 2Nb +20.. =N..O^. 

’'Here,»as in all other instances, we shall use the symbols NoO^ and 
NO'i as interchangeable according to convtnienoc of expression. 
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The experiments upon vA\k\\ I’cli^bt founded his theoiv 
certainly proved that nitric aoid o/idise.^ sulf)hiir 

dioxide even at the ordinary temperature, nitroo(^^ peroxide 
being formed. But sulphur dioxide acts with more difficulty on 
(h'/ute nitric acid, and only with the aid of heat, citric oxide 
being formed. Weber points ^ut that Peligot s expej-imenti-^ 
do Not prove that nitric acid of that degree of dilution which, 
according to his own theory, must exist in the lead ch.ambcrs, 
viz. only ,2 per* cent. HNO,-f98 H., 0 , at the temperature 
prevailing there, is really decomposed hy sulphur dioxide. On 
the contrary, according to Weber’s observations, nitric acid of* 
such a degree of dilution is not at all changed when cold by 
sulphur dioxide ; there is no appreciable action between them 
bel6w 80” C., a temperature which, in normal work, is not 
pr^alent in the lead chambers. 

The researches of R. Wel)er in 1866 and 1867 (Poggendorffs 
Annalen, cxxvii. p. 543, and exxx. p. 329) proved the complete 
futility, in all respects, of Peligot’s theory, and greatly con- 
tributed towards elucidating the proce.ss within the lead 
chamber.^ • „ 

He showed that, whilst dilute nitric acid has next to no 
action on sulphur dioxide at the ordinary temperature, there is 
a strong action between SO^ and water which has ab.sorbed the 
vapour of nitrogen peroxide, or if such water is added to* the 
same dilute nitric acid which at first show’cd iv) action, or, more 
simply, if, instead of pure nitric acid, fuming nitric acid strongly 
diluted with water be used. Accordingly, the nitrous acid 
generated by the contact of nitrogen peroxide and water 
oxidises the sulphur dioxide much more readily than nitric 
acid does; nitrous acid is therefore undoubtedly the primary 
cause of the reaction for the formation of sulphuric acid when* 
moist air meets sulphur dioxide and the ’vapour of nitrogen 
peroxide. The nitfic acid Ivhich is for^ned on thcgrlecomposition 
of N2O4 by water remains undocom posed «by SO^, if much water 
is present. Under certain circumstances, how^ever, as will be 
shown below, the nitric acid is decomposed as well. 

For the cliamber-process tlje beiiaviour of and 

towards sulphuric acid of various degrees of dilution with water 
* • • * • • 

* Some parts of VVebePs well as of WinklePs work have bpen noticed 

in Chapter III. pp. 340 etmq, • 
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must also be. taken ifiW> account, as those*- gases come into 
contact ^ith s\icli ucids, both iij 'the shape of minute drops 
suspended In the atmosphere of the chamber and in the stock 
collected at the bottom. According to their degree of dilution 
the sulphuric acids contain nitrososulphuric acid (chamber- 
crystals), free N., 0 ,. or NoO.,, aJV'has been explained in detail on 
pp. 332 et ; but all these liquids, when their density is much 
higher than that of ordinary chamber-acid, are rapidly decom- 
posed by sulphur dioxide, sulphuric acid being formed. The 
decomposition of the absorbed vapours by means o^ water for 
the purpose of forming nitric acid, is therefore quite unnecessary 
and improbable; but the water must serve for forming the 
hydrate SO, 1 1 .„ and therefore only in its presence can SO.^ be 
promptl)- oxidised by N._, 0 .,. 

It is of importance in practice that moderately concentrrfted 
mixtures containing nitric acid are more easily decomposed by 
sulphur dioxide than highly concentrated ones, When nitrous 
acid is dissolved in the pure hydrate SO,!!.,, c)r even in ordinary 
vitriol of 170" Tw., sulphur dioxide tloes not act upon it at all, 
or at least, very incompletely. 

When operating with mixtures of nitric acid with {///uti' 
sulphuric acid of varying concentration, Weber found that in a 
mixture of pure nitric acid of 1-25 sp. gr. with sulphuric acid of 
70 ’^Tw, the nitric acid is not decomposed by sulphur dioxide in 
the cold, but qui<?kly on being heated, with evolution of nitric 
oxide; in the case of .stronger acids (from 77‘’ Tw. upwards) 
the decomposition begins in the cold, and the liquid then 
contains nitrous acid. Evidently the sulphur dioxide first 
produces nitrous acid in those mixtures, which is proved by 
their col(mr and by their action on potaf)Sium iodide ; and in 
‘the stage the nitrous acid yields up oxygen direct to the 

sulphur dioxide, without being compelled, as Eeligot assumed, 
to be redecorp posed intg nitric acid and ritric oxide— a pre- 
posterous assumption. Thus e.ven dilute nitric acid, brought 
into contact with moderately .strong sulphuric acid, may be 
useful for the chamber-process, as in that case it yields up its 
v/ater to the ludphuric acid, an^ in the conoentrated state it is 
readily attacked by sulpl\ur dioxide ; this is just what takes 
place in the chamber* 

'According to Weber’s theory, the fpllo\ying process takes 
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place within the chambers The, siilphifr clioxkLe is oxidised, 
mainly by the oxygen of ihd nitrous acid, wkich /hereby' passes 
into nitric oxide ; it does this, however, onlv when dissolved in 
water or in dilute sulphuric acid ; and such a watery f^olution is 
formed either direct from free X.A. or by the decouiposition.of 
N./34. In the latter case, at the :j^me time, nitric acid is ^rmed,^ 
which can only be decomposed by the mcdiatit)n of already 
formed sulphuric acid. 'I'he part played by the water has just 
been explained. * 

There^is an* agreement in inanv, but not in all, points 
between the opinif>ns of Weber and those f>ul)lished almost 
simultaneously by Cl. Winkler p. _>o). 

Winkler also affirms the oxidation of sulphur dioxide by nitrous 
acid; but according to him the part played by nitrogen peroxide 
is ntore essential than that which Weber assigns to it. Winkler 
considers the latter to be formed principally by the action of 
air on nitric oxide; it then combines with sulphur dioxide and 
water to form nitrososulphuric acid, which sinks to the bottom 
in the shape of the well-known mi'^t, here comes into contact 
with the dilute hot chaml^er-acid and dissolves in evolving 
gaseous NCO., which oxidises a frc.sh (juantity of sulphurous 
acid, thereby passing into NO, the latter beginning the process 
anew. 

The fact that Weber points chidly to Win 1 <ler 

principally to N^O^, as the active agents in thc;chamber-process 
does not form a very e.ssential difference in their - views, as 
neither of them assumes either of the.se oxides to be forimvl 
exclusive of the other. A more fundatnental difference is this, 
that Weber, like Berzelius, does not admit the intermediate 
formation of nitrososwlphuric acid as an es.sential featufe of the 
proce.ss, whilst W’inkler does so, thus reverting to Davy’s# 
theory, which he merely develops in the light oT modern 
knowledge, and moie especially of his^own investfgation.s. 

Formerly some writers objected to ^he theorfbs hitherto 
stated, that there is a difficulty in assuming the simultaneous 
oxidation of nitric oxid^and the reduction of higher oxides to 
NO. But this objection cannot be bold as valid, and it woul^l 
apply to any* other theory eX^er brought forward for the 
chamber-proce1?s, or, fo* that master, f«r any (Aher prc^cess 
where an “ intennediym ^,or “carrier” comes into *play, and 



994 


THE^'CHANffiER-PROCESS 

what would now be dajled 3^ “ citalyt'ic ” 0;* “ pseudocatalytic ” 
process ^(sce l\plo^. Although both processes undoubtedly 
take pface’at the same time, this may happen in the same 
chamber hndcr different conditions : when in a certain part 
nitrous gaj> is reduced to nitric oxide, sulphur dioxide vanishes 
,at that, part, and the excess of^ oxygen present everywhere can 
now oxidise the nitric oxide again ; by currents, diffusion, etc., 
fresh sulphur dioxide is brought in, and the process commences 
agajn. Ik^sides, in any case the law of the 'action of masses 
comes into play in that part of the process where^ reversible 
reactions take place, the decomposition of nitrososulphuric 
acid by water, as we shall see later on. 

When, in 1878, the first edition of this work was written, 
the question had not practically advanced beyond the labours 
of Weber and Winkler, both of whom relied on laboratory 
experiments, not on researches made with actually working 
vitriol-chambers. The composition of the gases in normally or 
irregularly working chambers was not even known. The colour 
of the gases precluded the assumption that in the chambers 
NO was tj\e prevailing oxide of nitijogen, except perhaps in the 
first part of the system ; it was also known that nitric acid did 
not make its appearance there ^except under very irregular 
conditions. But the choice still lay between N.^O.j and as 
the*" prevailing constituent of the “nitrous vapours” in the 
vitriql-charrjber, and it was not known which of these might be 
the real oxygen carrier. I myself at that time thought I had 
good reasons for assuming that in a normally working chamber, 
where there is neither too much nor too little oxygen, the 
nitrous acid greatly predominates over the nitrogen peroxide. 

A solid basis for a true theory of the v’ltriol-chamber process 
' could only be formed by investigating the manufacturing 
process itjielf in alt its stages, and, both as regards normal and 
irregular worlf, by an extended series of gaiG-analyses and other 
pertinent 'observations. The, first and hitherto the only 
complete investigation of this kind was that made subsequently 
by my.self in conjunction with Naef at' the Uetikon works, near 
J^iirich, to which allusioi> has^ already been made {Chem.Ind, 
1884, pp. 5 to 19). The results of this investigation have not 
been shakeil by any 6thers carried oiFi;' since, so' far as the facts 
of vhe case are concerned ; but tho> explana;tions at that time 
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given by myself and by other chemists have had p be modified 
considerably, especially in consequence of fhe i(irthcrtpq)cri- 
mental work conducted by me in 18S5 (/. ('f/ii//. .See., xlvii. 
p. 465 ; Ber., xviii. p. 1384; cf. other work done before and after, 
mentioned Chapter I J I. pp. 336 e/ snj.). I proved that in the (fry 
state, and out of the reach of sulphuric acid, nitric oxide with* 
an excess of oxygen combines to form nitrogen /<vvu7r/e 
exclusively, or nearly so. If dry nitric oxide, being in excess, 
meets witlj an insufficient quantity of oxygen, a considerable 
amount is formed together with N.^O^ (according to the 

view held at that time). In the presence of moisture, nitric 
oxide and excess of oxygen combine to form nothing but nitric 
acid. Dilute sulphuric acid (sp. gr. 1-405) acts on the whole 
like* water, but a small quantity of nitrous acid is harmed, as 
mu^h as can exist in a stable solution in the acid (nitroso- 
sulphuric acid cannot exist in such dilute acid). Pcrliaps the 
most important observation, combined with others formerly 
made, was this: — If stnuuet suljdiuric acid is in preseiKC of a 
large excess of oxygen, and nitric oxide is slowly passed into 
it, only that pcu'tion of NO* which is in n/n/iedtuie contact with 
sulfdiuric acid, and so far as nitrososulphuric acid cim be 
formed, is not oxidi.scd beyond the state of N.X).. (as previously 
found by Winkler and myself); but all the gaseous molecules 
coming into contact with oxygen outside the acid, even 
immediately above it, behave like dry NO ^mdtftjxcesstof () 
generally— that is, they combine to form N./J,,. 

This last observation made it impossible to maintain, as hjfd 
been done in the first edition (,)f this work, and in .some of my 
later papers, that the reason why the excess of O within the 
vitriol-chambers do riot from the NO produce altogether NO.^,^ 
biit N.p.^(or rather a gaseous mixture of ai)proxin]ately that 
composition) lies in the fact that there is a mist of sulphuric 
acid floating all ov^r; for*the liquid |>articles of*suJphuric acid 
forming that mist are still afvery gre.ft di.stanccs from one 
another relatively to the amount of molecules of NO and O 
present, and wherever the latter act upon one another otherwise 
than in immo^liate absolute q^ntad: with the atid, they wWl 
not yield N',pg, but N,p^. 

Raschig {Anuuleu, cc^viii. p. 135) as.serted that nitric o^:^idc, 
even when meeUng *a vdy large excess of oxygen, is not 
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converted inti^ N^O^, iJift into' provided that the oxygen is 
diluted with nitrogen, as in atmospheric air. But this assertion, 
which was already at that time opposed to the statements of 
all other c*Iiemists, was entirely disproved by my researches [Berl 
i(S.S8,«p. 3234), which showed that Raschig’s experiments 
•■were badly conducted, and that/ NO is transformed into nitrogen 
peroxide by atmospheric air just as well as by pure oxygen. 

The whole of Raschig’s arguments anc^ hypotheses are 
vitiated by the recognition of the fact that nitrogCtn trioxide, 
, NoO.j, does not exist in the gaseous form except ii^Traces, as 
we have shown before (p. 332). Of course m}’ own theory is 
also affected by the above fact. lUit, as I have shown in 
C’hapter III. p. 333, that theory is altogether compatible with 
the light gained by more recent knowledge, since a mixture 
of NO + N(X^ behaves towards sulphuric acid exactly like NtO... 

Raschig’s own theory of the vitriol-chamber process 
ccxli. p. 242), propounded at that time, assumed as an 
intermediary link the temporary formation of a compound 
which he calls ‘‘ dihydroxylamine-sulphuric acid,” of the formula 
(()II).,NSP./)H, but which nobody has seen, and whose 
preparation in the free state he himself did not expect to be 
possible. He assumes this compound to be formed when 
nitrous and sulphurous acid meet, but to be instantly 
decompo.sed with more nitrous acid into SO, and H.^0 ; 

NO is thcDr agatn oxidised to nitrous acid, and the process 
begins anCw. 

• I have shown (AV;*., 1888, pp. 67 and 3223) how unfounded 
arc all the arguments adduced by Raschig for his view. A 
> summary of the controversy was given by Hamburger in /. Sac. 
C'/h'A/. Ind., 1889, p. 164. 

* Several facts have to be reconciled in any true theory of the 
lead-chamber process: ist, the fact that the chambers contain 
at first a mixtif-re of morerthan i mol!’NO to‘’i mol. NO.,, later on 
almost exactly equal Mnolccules of NO and NO.j, but in regular 
work never any excess of NO.^over this proportion, which excess 
we have in our former discussions called “ free ” nitrogen peroxide 
(Lunge and ’Naefs ob.scrVatio;is at Uetikon) ;*2nd, that NO 
and an excels of O combine to form N..O4, and only where NO 
and*'0 ipeel at the 'same time suI^Sliuric acid of sufficient 
concentration they form nitrous acid, but not in the free state, 
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merely in the shApe of' SO/OH,)(ONCf) ; NO and 0, in the 
presence of H .,0 and SO.,, n^ay also form* dir/ctly ^^O.^OIIJ 
(ONO). A new theory of the chamber-process, bas?d o*n these 
fundamental and all other observed facts, had befn clearly, 
although very briefly, indicated b)’ myself in iiy before- 
mentioned paper of lcS85 (/. Sor., xlvii. [X470), and it was# 
further developed in subsequent papers, es[)eciall)' AV/., 18S8, 
pp. 67 and 3323. 

The principal ideas of that theory were* stated b)' me in 
1885, as^ollows : — ^'Sulphur dioxidt- comldm's din\t/v with 
nitrogen trioxide, oxvi^rn, and a little loaier to form nitroso- 
sulpfiuric acid, 'ioliicli floats in the eliamher as a mist ; on meeting 
an execss of zoater, etfually floating about as a mist |[)robabl\' 
mostly or all in the shape of very dilute sulphuric acid], (he 
nitAfSosnlphnric acid splits np into snlphnrie aeid^ which si)iks to 
the bottom, and nitrogen trioxide, which begins to act ane:o. 
lienee it is not, as hitherto giierally assumed, the nitric oxide, 
NO, but the nitrogen trioxide, N.XXp which acts as carrier oj 
oxygen in the vitriol-chamber process^ As mentioned later on, 
the formation of sulphuric acid is not brought .iibout by 
alternate oxidation of NO to N., 0 ., or N O,, and subse(juent 
reduction of these compounds t(.) NO, but by a (ondensation of 
nitrous acid with sulphur dioxide and oxygen into nitroho- 
sulphuric acid, and a subsequent splitting up of this compound 
by an excess of water^ as represented by tl^e following 
formuhe : 

(1) .S0,4-N00H+() S(h(()II)(()NO), 

( 2 ) SO.XOH){ON()) + ll,(r II_,S(h^ NOOII. 

At the same time, I pointed out that these reactions were or 
might be locally moefified by special circumstances in diffcicnt 
parts of the chamber, and this matter was treated in detail in • 
my papers of 1888. 

We see at onct that 'that theory goes ha^k to Davy’s 
theory of 1814, subsequently .upheld, ainong others, by L. 
Gmelin and Cl. Winkler, according to which the intermediate 
formation of nitrososufphuric acid (chamber-crystals) is a 
necessary link jn the chamber-process. I 5 ut my* new theory 
removed the complication of thos(j former views^ and their 
partial contradictions M, observed faefs, b\’ denying 4 :hc 
necessity of a redugtiouto NO as an indispensable factor in (he 
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process, from ^vhich retiwetion, would follow the formation of an 
excess (^f nitrV^^cn* peroxide in^thc chamber.^ We will now 
follow up tne new theory in detail and consider the modifica- 
tions which the process suffers by local circumstances in certain 
palts of the chamber. 

Let* us remember that the [^ases of a normally working 
chamber contain at first an excess of NO, further on and right 
to the end only an equivalent mixture of NO -f NO^, equal to 
N.^O.j. An excess of nitrogen peroxide over that proportion 
^ is found only in case of irregular work, when by s^t;iding an 
unnecessary excess of nitrous gases into the chambers the 
formation of sulphuric acid has been finished too early, and the 
last part of the chambers contains extremely little SO.^ ; in this 
case only free NO., is there found. A greater or smaller excess 
of oxygen is without any influence on the question wheBier 
NO 4- NO., or more NO.^ is formed. 

Although we now know that N.^O^, when liberated from its 
combin^.tion with sulphuric acid, immediately dissociates for 
the most part into NO-fNO.^, a very small quantity of NjP^ 
remains a^i. such and can enter into the above-stated reaction 
(i) (p. 997); and according to the law of ma.ss - action 
immediately more NO-f NO.^ recombines to form N.,0,j, so that 
no sensible quantity of NO has time to form with oxygen 
“free” nitrogen peroxide, as SO., is pre.sent everywhere and 
leads. to thc/ornTation of SO.-NII. 

The same compound will be formed according to equation 
(9) (see p. 100 1 ) by SO., from any locally existing free NO.^ 

The orange vapours filling the chambers consist of a 
mixture of NO and NO.^, the former being in excess in the 
light-coloured front part of the chambclr-system, whilst later 
‘ on the proportion (as shown by analysis) is almost exactly 
= NO-f-NO.^, which constantly again acts with H./), SOjj, and 
0 to form^ SOr,NII, and is re-formed from the latter by the 
action of More HoO, ns shown by the equations : 

(i 0 SO. + NOOH-fO ,-SO,NH, 

(2 0 2s6.nh + n.,o - 2H,so, + N.p.,, 

’ (iO ’ r- -2N6otl 

^ By nitrogen, peroxide I mean qny excess .of NOg over the 

proilortionr required to form N.,0.., with NO, here as well as in all other 
places. * ’ • 
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or else : 

(ir) 2S0,4-N0 4-N()/4-P,4-H,0 :2S0;,NI/, 

(2 c) 2SO!nH + H,,() 2ll,S(), + Xt) + \0. 

The reactions formerly assumed by Herzelius (with tin 
qualification expresi^'d on p. 989), R. Weber, myself, and 
although but indirectly, b)' Ra'seftig, namelx' : 

(3) + 

(4) *2N(H 0 ’ - Ndbi 

cannot rc^^resenf the chamber-process : fur, firstly, in this cas( 
there would be everywhere in the chambers, up to the end, ; 
large number of molecules of NO together with N.,()., which i: 
not the case I and secondh', the reacti(.m (4) docs nut tak( 
place at all except ifi iiutucdiaie contact with (strong) sulphuri* 
acid»; but in contact with sulphuric acid there is no free N.,0 
formed, but SO-NII, and we are thus forcibl)' brought bad 
to reactions (i) or to reaction (7)1 mentioned below. If ii 
the back parts of the chambers NO (more than rcqinri'd fo: 
the formula NOT NO.,) existed to an\' extent in the hee stati 
for any appreciable length ^)f time, it would there 1^^; oxiclisec 
into nitrogen peroxide, and this in contact with cither water 0 
sulphuric acid will form nitric acid, which should be found, a 
least to a great extent, unchanged, as it is a sulficiently stabh 
compound in that part of the chamber, w here there is far *100 
little SOo and too low a temperature to rediice much HNO.(. 
But since” HNO.^ is not found in normal working back-chambers, 
nor in the Gay-Lussac acid, nnv theory bnsod on the reyu/cM’ 
reduction of. nitrons lui/^onrs down to nitne oxide, NO, cannot be 
accepted as true, as it involves the jormation of “free” N,,0.„ and 
subsequent!)' that of HNO.,. 

It is important for our theory to notice that sulphuric and, « 
such as found in the chambers, certainly dis!?olves vei;y .sensible 
quantities of SO,NU, and hideed all t]ie “drips ’>11(1 even the 
bottom acid of the back.chani.bcrs testi^ to this, hut this 
solubility, or, as it is better cxpres.sed, the stability, of SOf,N H 
is greatly diminished bbth by a higher temperature and by 
dilution of the acid {ef pp. 339 \ and this J.ehayiour i.^ 

indeed the foundation of all former^ processes for denitrating 
nitrous vitriol tpp. 846S/ sec/f fn the' vitriol-chambers , the 
temperature is miich that of ordinary air; the second 
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* condition is also fulfill«cj, for as sbon as the ^SOf^NII formed in 
■one place, anafloating about in tire shape of a fine mist, meets 
with partioles of water or of dilute sulphuric acid floating about 
as well, it must suffer decomposition according to equation 
( 2 ^\ p. 999,, so that sulphuric acid and nitrous acid arc formed. 

, Only those portions of nitrpsqsulphurid acid which are in 
immediate contact with the bottom-acid will be dissolved by 
this, and will thus be temporarily withdrawn from decomposi- 
tion ; but this takes place to a somewhat greater extent only 
in the back chambers, whilst in the front chamber, ^here both 
' the higher temperature and the excess of SO.^ act as (Jenitrating 
agents, the bottom-acid shows little or sometimes even no 
“ nitre.” 

The views hitherto brought forward do not, however, cx[Jain 
the whole of the vitriol-chamber process ; they inust^. be 
modified for the first part of the chambers, which is filled with 
opaque white clouds, and where Lunge and Naef have proved 
the existence of much NO in excess above the proportion 
NO + ISTO^. The temperature is highest and the formation of 
acid most vivid in this region. It is not in itself impossible 
that here tile following direct reactions take place: 

(5) SO., + NO.. + M..0 - 1 1..SOj + NO, 

(6) .SO,^ + 2N6oH-- ll.X>, + 2N(), 

which would explain the occurrence of NO. The latter, when 
meeting SOj and 0 , both pre.sent here in large excess, forms 
directly nitro.sosulphiiric acid : 

(7) 2SO 4- 2NO + ;>() + 1 1,0 - 2.S0;,N H. 

Locall)'j where water is in excess, nitric acid will be formed, 
butfhere, where this acid is in the state ofl vapour, and where it 
‘ at once meets an excess of SO.,, it is instantly reduced by the 
reaction : . 

, (8) S,0,+ HN 03 ^-S 0 ,NK. 

In fact in this first part of the chambers the conditions are still 
altogether analogous to those prevailing in the immediately 
preceding Glover tower, and are entirely different from those 
occurring in the back part of t^e chambers, whft-e the tempera- 
ture is lowet and there is iery much jess SO.^ present. In the 
fro,nt pan the NO finds such an excess of SO.,, O, and HgO, 
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that the formatioi! .of is* cither aUJgclhcr 'n'clndctl, )r if 

any small quantity bf it is Tocally forincH k mq.4 be jnstantly 
absorbed again, according lo i; niation : ^ * 

(9) 2S(),4-N..().. 1-0+ 11 /) 2S(j.N1I. 

/;/ the first part of the chamber system '"free" nilroe^eit peroxide 
does not and cannot exist in appreciable ijnantities, and Pheu' fore 
the formation of sulphuric acid aeeordi up; to equation (5) does not 
play any^or no afipreeiable, part, b/juation (6) is practically on 
the same lines. , 

Thisfkjes not yet explain why there is in fact a large tweess • 
of x \0 present in the first part of the chambers. We seek thi.s 
explanation in a secondar)' reaction which under the existing 
conditions is bound to occur, viz. : 

* (lo) jSO-NIl +S 0 ,. - jH ,,0 - .^S(),n, + 2NO. 

Thi.s is, of course, precisely similar to that which takes jjlace 
in the immediately preceding space, that is, in the Glover, the 
conditions being identical in both cases: presenct* nf large 
quantities of nitrososulphuric acid, of SO,., of M., 0 , and' an even 
higher temperature than m^arthe to{)of the (ilover tp;ver, where 
the inflowing acid has a cooling action. Thus more NO is 
formed than can be at once taken up by reaction (7). 

The general results arrived at are as folhnvs : -'J he 
principal reactions conducing to the formation of sulphuric ficid 
in the vitriol-chambers are, the formation o^ nitrososulphuric 
acid from sulphur dioxide, oxygen, and nitrous acid (eq. i), and 
its subsequent decomposition when meeting with water or dilute 
sulphuric acid (ccj. 2). VVdiether N.O., exists for an appreciable 
time as undecompo.sed vapour or not, is not a decisive point in , 
this case, as we may wRroduce the hydrate NOOH, anrl aj^thc 
components NO + NO., act just as NX).., Besides this principal* 
reaction, another set of reactions take place* in the f^rst part of 
the chambers, wheye the* nitrososulphuric acij^l is partially 
denitrated by the excess of sujphur dioxide (cq. 1*0), and the 
nitric oxide thus formed combines directly with .S()„ O, and 
HgO to reform SO.,,NFf (eq. 7). All the other reactions 
enumerated above either play no part whatever, or only ag 
insignificant pa 7 t in the chambir-proccss, and “free” nitrogen 
peroxide especially doe 5 *not occur* at all* in normally working 
chambers. 
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The mutu^jl actioif of thp agents "meetifig in the vitriol- 
chamberf partly belongs to the cla^ss’of reversible react iojis^ whose 
direction in* one sense or another is determined by the “action 
of mass,” one or several of the components being in excess. 
The direct veaction S0.^+0 + HX) = is not reversible at 

<;hc maj:imum temperature of <the lead chambers, but some of 
the intermediate reactions are. If oxygen or nitrous acid is in 
excess, the condensing reactions (i) and (7) |jrevail, and thus 
the iormalion of nitrososulphuric acid is induced ; but if sulphur 
^dioxide is present even only in relative excess^ the cli;nitrating 
reaction (10) prevails, and NO is split off. This docs no harm 
in the first part of the chambers, where there is time for the NO 
to enter into the condensing reaction (7) ; but if it happens in 
the back part, the NO is lost, as it is not retained in the Gay- 
Lussac tow'er and escapes into the air. Another reversible 
reaction is that between sulphuric acid, nitrous acid, and water; 
where the sulphuric acid is in excess, we have : 

^ M,SO, -I- NOOi 1 - SO,,N I i + H,,0 ; 

where, on the other hand, water is in excess, we have : 

SO,Nl 1 + n.X) - H.,s6, + NOON. 

Nothing is more certain in the manufacture of sulphuric 
acid than that the process of converting sulphur dioxide into 
sulphuric acid takes place in a regular way only by the action 
of a large e>;cess*of oxygen and of nitrous vapours ; in case of 
a smaller 'excess of these agents sulphur dioxide escapes into 
the air. Both theory and practice show that even wdth the 
greatest excess of oxygen it is not possible to effect an 
absolutely complete oxidation of SO.3; it is generally agreed 
that® the best practical limit is attained if the exit-gases contain 
*0'5 per cent, of the sulphur originally employed in the shape of 
SO.,. The rate at which the formation of sulphuric acid takes 
place under the given coi^ditions of d certaki excess of oxygen 
and of nitrous vapourc has been mentioned before (pp. 958 etse^.) 
as observed experimentally. It has also been mathematically 
deduced, first by Hurter ( /. .SV. C 7 iefn. /ml., 1882, p. 52), after- 
wards by Sovel (in his frequenyy quoted paper)j but their very 
hypothetical calculations {ay claim to interest mostly on the 
ground {hal they are in general aptbrdance with previously 
obkrved facts, aiul we must refer those* interested in them to 
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the originaly.^ Both aii\hors*als(|repr(;sl‘nt the I'oriTial uai-king 
of the chambers by curves, with which 14urler com^^arcs thi' 
practical results of Mactcar, and Sorel those of Jain'^c tind Nacf 
(which were not published at the time of Hurter's theoretical 
research). 

We have previously (p. 9^)4)' compared Hurter’s cuuves with 
Lunge and Naefs conclusions; in this place we will give the 
diagram in which Sorel represents the proce.ss (Ih’g. 
by his theoretical curves (drawn in full lines)-- -the u{)per one 
represei^yng a*loss of 0-5, the lower a loss of 24 per cent, of 
sulphur — and the results obtained b\- Lunge and Naef (in dotteef 
lines). I have alread)- (pp. 964 and 965) pointed out that whilst 
on the whole the rate of formation of the acid is in agreement 
with the theoretical curves, there are distinct breaks correspond- 
ing to the points where the gases leave one chanber to enter 
the next, and we have to some extent gone into the explanation 
of this phenomenon. But it is now time to give Sorel’s 
explanation, which, although in full agreement with my theory 
of the vitriol-chamber process, amplifies it l>y spfxifving more 
distinctly the conditions .under which either the .first or the 
second of the main reactions, 

(1) SO,-i-NOOTI t O- SO Nlh 

(2) SCbNIft-H./) n.SO.-t NOOli, , 

takes place. 

In an inert atmosphere nitrososulphuric*acid will j^'ve up 
more or less N.,0.., according to the concentration of the 
sulphuric acid, to the quantity of nitrous (or nitrnsosulphur*ic) 
acid, and to the temperature. If a certain (juantity of X.,( is 
removed from the surrounding ga.H's, either direetjy or by* 
reduction to NO, the acid will yield u[) more N.,0.,; if, ofi the 
other hand, the surrounding atmosphere become^ richer in 
N0O.5 by oxidation of NO, the acid will again take up some 
N.2O;,. The tensiofi of N.,6.< in its solition in H.,i^O, is increa.sed 
by a rise of temperature, but much morft by diluting the acid. 

J Sorel (Fa(^r. de PAc. siVf. p, 566) maintains that the first proposition of 
Hurter’s is self-evident, but that the ren^aining proposipons arc mathe- 
matically untenatTle ; moreover, that*some of Hurter’s ronrlusions. dra^n 
from his mathetfiatical re.^soning, are y.frtly contrary to ^-xperience. .So 
much is certain, that practice Jias not profited in any respect wfjatevO from 
his theory. 
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If, therefore, there £xist*in an atqiospl^e contaihing a cc tain 
quantity of two solutions of N.O.j in •sulphuric ^cid, oik? 
of them in concentrated, the other in dilute isul^hui^c acid, 
the former will enrich itself in N.,0.5 at the expense ol the latter, 
even if it be to a certain extent hotter than the la 4 ter. Even 
the presence of SO. does no 4 {Prevent the solution of N.O.j ir. 
sufficiently concentrated acid, provided that oxx gen is present 
in excess and that the tension of the N.O.^ (actually present or 
possible t(j be formed from NO and 0 1 is ^^reater than that of 
the acidjii question. On the other hand, the SO. will decom- 
pose {i.c. denitrate) the acid if the outer tension of N.X).; is less 
than that of the acid, or on dilutin^e: the latter, or on raisini^' the 
temperature. [These are indisputable facts, well known before 
Sorel, but very clearly put by him with the addition of bringing 
in the “tension ” of N.O., about which he could ik t have known 
very much in detail, and which, in the licjht of modern theories, 
we should parti)' or entirely replace by the mass-action of the 
vapours. Much more material for deciding these questions has 
been furnished b\’ my (»wn and my assistants’ investigations, 
pp. 344 et . . . 

Sorel goes on as follows. We will, for instance, assume a 
certain definite quantity of acid of 57 He. (- 130 -4 Tw.), con- 
taining so much N ,0.5 that for a specified temperature the 
equilibrium with the surrounding gaseous mixture is established. 
This acid hovers as a* mist in the gaseous masj. Suppo.se a 
certain volume of this gaseous mass is cooled down, the pressure 
remaining the same ; then part of the aqueous vapour c(«i- 
tained in the gaseous mixture will be precipitated in a liquid 
form and will dilute the acid. The acid will thus become 
incapable of ^vithdn^ving all its N.O., from the influence c/ the 
SO2 present ; some NO will be formed, but also some H.^S04* 
by which the acid becomes more concerftrated. ,lf now the 
gaseous mass is brought b^ck to the fqrmer, higher, temperature, 
the acid must, in accordance wjth the risf of temperature, yield 
up aqueous vapour, till it has again attained the density 
= 5/'' Be., at which it once more fixes NO and O in the shape 

ofNA- .. , • • . , • 

Leaving out of consideration tl\e secondary reactions, Sorel, 
like myself, regards fhe intermediate Mormatioli of nitroso- 
sulphuric acid (tl^e fi:;atio» of oxygen upon sulphur dioxiche by 
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means of nitmus aci(i)«a,s one of tfie prmcipal'reactions, followed 
by the c^ecompositkon of that coinpbund, by 'dilution with water 
into sul^^hiAic .'(cid and nitrous acid. 

The pftncipal cause for detcrniinini^- the reaction in this or 
that sense *is a of tcniperatnre. We have seen before 

f(p. 941) that the temperature i^ar the ‘leaden walls of the 
chamber is considerably less than that of the inner parts ; 
therefore the apises must assume a (piick rotation round a 
nearly horizontal axis, and each minute drop of acid, according 
to the change of va|)Our-tensions, must first be* conce^]tratcd in 
the central portion and then be diluted again near the walls. 
Suppose we have a chamber-acid of 116' Tw. or 67 per cent. 
H.,SO,. If, as was the case in a special experiment, the 
temperature next to the walls is = 75 . that in centre = 90 , the 
vapour-tension of 67 per cent, acid next to the wall wilb be 
= 27 mm. [if. the table, p. 312); and since th(' acid hovering in 
the centre must have the same vapour-tension, hut the higher 
temperature of 90', its concentration ^according to the same 
table) nuist be -73 per cent. n.,S(), or =130 -4 Tw. If, for 
instance, flie acid near the wall h^id contained only 64 per 
cent. 1 I.,S(),, its vaj)our-tension would have been -37-4 mm., 
and the hotter acid in the centre would at equal tension have 
contained 71 per cent. - 1 26.d'w. A number of observations 
made by Sorel at working-chambers show that the above- 
suppoj?ed diffcreiHX's do exist, which proves that the assumption 
of an e(iual vapour-tension all over the chamber is correct, and 
con.sequently also the a.ssumptinn that regularly the concentra- 
tion of the acid is greater near the centre than near the walls, 

, where the cooling action of the air is at play. Rut as the 
greater concentration of the acid favours the fixation of nitrous 
wapours by SO., and O, in the shape of SO. Nil, and the greater 
dilution thg decomposition of this compound into II.^SO^ and 
N.,03, it follow§that the fijrmation of‘SO-NU takes place chiefly 
in the centre, and tjiat of real Ih^SO^ principally near the 
walks. The neighbourhood of the walls thus increases the 
production, as the cooling brings aboht the condensation of 
vvater, the dilution of the .nitrous acid, and its decomposition 
into HqSO^ and N.,03. To a sihaller extent this is also effected 
by tlje neighbourhood \)f the' acid la)’en kt the boUom, which is 
both cooler and more dilute than the, aci^ floating about in the 
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centre. All this ts indifectly* but ccrl^iiily, pnnvd by the fact 
that a few centimetres froTn the wall, wlufre the forgiation (5f 
H^SO^ must be strongest, and equally a little nf)o\§ thft bottom 
acid, the greater intensity of the reactions is maniSested by a 
rise of temperature • 

As the gaseous current mox^^s nearer the end of the ghambe’* 
it becomes poorer in SO,„ and the rcactieuis are therefore less 
intense. Moreover, observation shows tluit the tcm|)erature in 
the second half of the chamber hardly sinks at all in the centre, 
and bu^^2 near the walls. Less n..S(), being made in this 
part, the acid in the centre is mortr dilute, and less able to fix* 
and SO., in the shape of SO-.NIl, and that at a time 
when the smaller (juantit)- of .SO., anyhow makes this reaction 
mare difficult. 'I'his, according to Sorel, explains the almost 
totel cessation of the reactions in th(‘ back par< of the first 
chamber, observed b\’ Lunge and Naef; and it also explains 
the revival of the process in the second chamber observed by 
them, as the eases arc au^lrd near tlie end walls of the chambers 
and in the connecting-pipe to the extent of 20 or 30 In 

fact a chamber exposed oji the north side to the J'^ec air, and 
on the south side to the radiation from a second chamber, 
made at the north wall 2.I limes more acid 3 I'w. stronger 
than at the south wall. 

There must be a close connection between the temperifture 
at the chamber-wall, the nitrous-acid tensiov, tlie inlenjiit)' of 
the reactions at any given point, and the outside tcm|)eraturc. 
For every description of chambers, every siiecial place in them, 
and every rate of manufacture, a certain temperature must be 
the most favourable — that which causes neither too much nor 
too little vapour-ten.‘?ion under the given circumstance.s. Jioth 
when the temperature is too high or when it is too low rnoref 
nitre is used than under normal condition.s* [the da/nage done 
by too low a temperature fs doubtful; r/. the Freiberg experi- 
ences, p. 939]. In the case of tjic “ inten?«ivc ” style of working, 
where the temperature is higher to begin with, any ri.se of the 
outside temperature mal<es less difference. Many manufacturers 
have adopted tl]^is high-pres.sure style (brought abemt by a ver,y 
large supply of nitre, by means ^of ample Gay-Lussac and 
Glover space,* </. pp. set/,), where the dpugl^ is 

better and the cgst (if plant less; but this can only be efone 
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with meclium-*sized chkmber*^ as otherwise- the heat rises too 
much at«thc commlhiicemcnt. ,, 

We ?ec Voul important, in Sorel’s view, is the part played 
by the division of the total chamber-space into several chambers. 
Wc cannotf doubt that in reality the cooling-action of the 
fthambcf-walls and ends and 6f Ihc connecting-pipes is very 
important. But Sorel does not explain why, according to his 
own showing, the chamber temperature sinks very little in the 
second half, and very little acid is made there, altliough the 
surface of lead on this part of the two long sides and the roof is 
very much larger than on the two ends and the connecting- 
pipes taken together. 

This seems to prove that the cooling is nothing like the 

important factor assumed by Sorel, and that the mbre 
intimate mixture of gaseous and liquid particles in the ebn- 
necting pipes and the shock against the .solid surfaces which 
brings about a condensation of the particles of mist to larger 
drops, wtierc the liquid substances meet and react upon each 
other, must be equally acknowledged as potent factors for 
explaining the anomaly exhibited ii> the curves, Figs. 338 and 
339, p. 964. In my. own proposals for modifying the chamber 
.system, as explained on pp. 657 ct scq.^ all the iitflucnces for 
reviving the chamber-process are brought into action, — that of 
an intimate mixture, of the shock against solid surfaces, and 
of tho dilutign of the acid by water, which at the same time 
serves as a cooling agent; and we have also seen that 
irftiny ycar.s’ practice has now proved the efficiency of those 
proposals to which I had been led, firstly by the experiments 
made by my.self with Naef on the Uctikon chambers, secondly 
by ni)' theoretical views as they were gradually evolved from 
‘both factory and laboratory work. 

Ostwald (at the (’ongress of Electrochemists in 1895 
the German Naturforscher-Versammlung In 1901 ; Grundriss 
der AUgcuicincn Clmuie, 3rd edition, p. 516) has pointed out 
that the nitrous vapours in the lead-chamber process act merely 
as catalysing agents, by greatly increasing the speed of the 
otherwise very slow and incomplete reaction : SPg+O x 1^20 = 
Of course no objccction can be madeagain.st extending 
the « clas4 ot “catalytic processes,” , With which we must of 
necessity deal when .speaking of the manufacture of sulphur 
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trioxide in Chapter XI., so^as toiembfcfce the vitriol-chamber 
process as well. But, as I ha^^e shown in ^902, 

pp. 148 ct seij.y it would be a grave error if we ima^necf Jha*t we are 
explaimug that (or any other) process by calling it “catalytic,” 
or that by giving it jhat name we may detract froii/the minute 
investigation of the iutcrmcitiary reactions. On the contrary', 
only the latter can lead up to a real “explanation” of the 
process, just as will be shown in Chapter XI, In the present 
case Ostw^ld’s enunciation has caused some little mischief, as 
others ^ke Fh. Meyer), on the alleged authority of that* 
eminent theoretical chemist, believed they might neglect as 
unessential the intermediate reactions between the nitrogen 
oxides and the other substances present. Ostwald himself did 
not*gQ so far, he simply said that the assumption of intermediate 
prciflucts is not suitable for all cases ; but proof should be given 
that intermediate reactions in fact proceed more cjuickly than 
the direct reaction. But in the present ease this prooj is 
abundantly afforded by the experience of many generatioiis^ and is 
constantly repeated by erery teacher of chemistry. While** the 
formation of sulphuric acic^ by the direct action of*l*)0., on air 
and water is notoriously an extremely slow and incomplete 
proce.ss (p. 9c>7), every lecturer on chemistry shows the 
instantaneous formation of chamber crystals when the alx^ve 
reagents meet with nitrous vapours, and the equally instaiitaneous 
decomposition of these crystals when meeting /in excess of 
water. I cannot conceive a more complete fulfilment of the 
condition demanded by Ostwald, and a more utter deduetio ad 
absurdum of those who would henceforth consider the reactitjiis 
of the nitrous vapours in the lead chambers as imiipportant 
“by-reactions” whose study is not essential for arriving tit a 
theory of the chamber-process. 

Several subsequent papers on the theory of ^he vitriol- 
chamber process caft be only briefly quoted. * ^ 

Loew (Z. angew. Chem., 1900, p. 338)trtcs to apply the law of 
the action of mas.ses to the above proccs.s. But, as I have shown 
{ibid., 1902, p. 146), he makes inadmissible simplifications and 
other erroneou5^ssumptions whjch render his reasoning futile.' 

Th. yitytv JJbid., I^i, p. I245^fmakes an evepi much less 
successful attempt in the*same direction. I have shc\wn (fbid., 
1902, p. 147) that iie has entirely misunderf^ood the law of the 
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action of rnasics, and m(^reovcr, committed so many other 
grave m*>stakes.thal there is no occasion to discuss his paper 
here, the Idss s() as he has entircl\' acknowledged the justice of 
my remarks {ibid., 1902, p. 27»S), 

• The discussion as to the possibility of establishing a mathe- 
matical theory on the above lilies- has been continued, without 
any practical result, by Riedel {ibid., 1902, p. 462), Lunge {ibid., 
p. 581), Ilaagn {ibid., p. 583), Riedel {ibid., p. 85S), Lunge {ibid., 
p. 931), Keppeler {ibid., p. 809). 

Of much greater importance is the paper’ whici;,^wc shall 
now refer to, viz. Ikode’s, in Z. angruK Chon., 1902, p. 1081. 
He broadly surveys the laws of chemical dynamics, and I shall 
give a short abstract of this paper, so far as it concerns our 
subject. Theoretically ever)' reaction may be regarded* as 
incomplete at any temperature, since our analytical mctlti)ds 
will never be sufficiently exact to detect the minutest traces of 
unchanged substances. JUit practically we must regard tho.se 
reaction;^ as loinplctc in which the products of one side of the 
equation cannot be altogether dctcclcd :\\\i\ in which the reaction 
proceeds entirely in the ratio of the»equivalent weights. These 
reactions are denoted by the mark of equality =. Citomplete 
are those reactions which are reversible, and which are denoted 
by the mark (van’t Hoff). At ordinary temperatures, for 
insfance, the reaction 2lL-f = 211 /) is complete, at high 
temperatures^ it is incomplete: 

Nearly all reactions arc incomplete at high temperatures, and 
at extreme temperatures the reaction would be complete in 
the o[)posite direction : , 

. 2H.>()=- 211. 

If we enquire h(‘)W far different reactions actually take place, 
that is, if w^ regard ^he position of e(^uilibrium, we find 
enormous 'variationsf, which wp ascribe to the difference of 
chemical affinities. VVe measure these by the “constant of 
equilibrium,” which, according to the law of the action of 
glasses, has *the following meaning: — For e^ery reaction at 
constant temperatures the^orociuct of the concentrations of the 
reacting substances oh one side of the equation, 'divided by the 
prdduct of the concentrations of t^^e sijbstj},nces on the other 
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side, possesses a e^pslan\ value, if^we st^alc the co^icentratim in 
“moles” (gram-molecules pl'r litre). If twft. three, or^// mole^ 
cules react at the same time, in lieu of the simphjcoifceiArations 
the second, third, or //th power must be assunled. The 
constants arc therefore independent of the conceniration and 
remain unchanged lor every •reliction at certain tempej-a lyres, 
In the case of incomplete reactions their order of magnitude 
does not differ ver)- much from unity ; in the case of complete 
reactions their value approaches zero. The law of the action 
of mass^j^ admifs of enmputing the shifting of concentrations 
consequent upon adding an excess of one ol the components 
to a mixture in the state r)f equilibrium. If, for instance, in the 
reaction the three .substances are at equilibrium, they 

are in the relation: — const. If we now add to r., another 

• i~ ' 

quantity there will be a change ol .r molecules in the sense 
of using up somewhat more of the substance ( ; when the 
equilibrium is again reached, the concentration of the second 
component will not bo but c.-f .r, and the concentra- 

tions will fulfil the following conditions: 

' “ “ const. \ 

c (r + Af 

This admits of computing the value of .r. If one of the com- 
ponents is in great excess, the concentration ^of the, other 
component can be reduced to a very small value. 

VaiVt Hoff has shown how (he reaction-constants can be 
quantitatively computed from tiie “ heat-toning ” of the reaction. 
From this follows further that on the shifting of the equilibrium ■ 
a phenomenon sets ih which oppo.ses the shifting and part^ially 
undoes its effect; hence any shifting through an elevation ol* 
temperature will be combined with a reaction which dhsorh 
heat, and via' versa; a1 extreme .temperatuires only such 
reactions will occur which absorb heat (formation of CS.^, CaC^„ 
(NC-CN). By increasing the pressure those reactions are 
promoted which reduce the total number of molecules. 

But the lawj^of chemical equilibrium enlighten* us only upcwi 
the final state into which a reac^ing^ mixture enters and where- 
upon no furth’er spontahfous change tal<es place ; tl]ey do not 
state anything ccricer«ing# the velocity of reaction ^ the factor of 
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^time not fiiKjiing an)j place in' thermodynamical equations. 
Concerning this subject w£ may establish the following 
specific^tio|[is :-y 

1. With increasing concentration of the substances vanishing 
during the^reaction, the reaction velocity g increases, and in 
complete reactions is proportional to the concentrations of the 
moles per litre ; thus: g~kc^\, \ k being a constant to be found 
by experiment for each reaction and each temperature. On 
the other hand, the concentration of the ncK'ly formed substances 
comes into play only in incomplete reactions.' Hefe g is the 
‘difference of two opposite reactions; the newly formed 

substances c\, causing a change in one direction, the 
vanishing substances q., a change in the opposite direction : 
,?'=^VV'2-V/r 

III the state of equilibrium h\cy,, = hjY^, hence ^'*=0. The 
equilibrium -constant h is the quotient of the two opposite 

velocity constants When a substance does not react with 

one molecule, but with n molecules, properly speaking the 
concentration ought to be expressed in the ;/th power in the 
equation of' velocity, but experiment has generally shown that 
lower powers must be assumed. If the reaction goes on step 
by step, only one of which requires sensible time, the others 
proceeding with extreme velocities, the total reaction mu.st 
proceed with the velocity of the slow intermediate reaction. 

2, ‘The ihfluence of temperature is always felt by an 
c^iormous increase of velocity on raising the temperature. 
Generally raising the temperature //x increases the velocity 
by 2*5;/; for instance 30" = 2-5 x 2 5 x 2 5. Thus a process 
which atr icxD requires an hour, at o' will take a year. 

, 3. l^y means of catalysers the velocity may be increased to 

such an extent that a reaction which by itself has an infinitely 
small velocity ( = 0), after adding r. certajp substance, which 
remains unchanged during the reaction, is effected in an 
immeasurably short time. As pure catalysis we denote the cases 
where intermediate reactions are impossible or unlikely ; as 
pseudO’Catalysls (Wagner),^ those cases in which intermediate 
reactions arc proved or probaGle. Neither kmd of catalysers 
can shift thb position of equilibriun?', otherwise we should 
attain a p'erpetuum mobile., Catalysers cannot^possibly influence 
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the free energy ofc a syjrtem ;*thcy merejy innuoicc the tine o? 
reaction. What causes the difitrence in •velocity of various 
reactions is an entirely unsolved problem. 

The application of the above to the theory (T th(? formation 
of SO 3 from SO., and 0 will be referred to in the i Chajiicr. 
Here we consider aierely howl far we can app]\' tlu‘ Jiitliert^ 
attained results of chemical dynamics to the lead-chainber 
process. Brodc agrees with me in holding that in this ijrocess, 
where hydratedi^ulphuric acid is pr^nti^dlly couiylctily formed at 
a maximifrn temperature (d '90 , the laws of chemical equilibrium 
cannot Be applied. We can only think of a[)pl)'ing the laws of* 
the velocity of reactions. Kl.sewhcre we always notice an 
increase of velocity wdlh increasing temperatures; how, then, 
cat] a complete reaction have a.i optimum of temperature ? The 
exglanation is this: that the pseudo-catalytical action of the 
nitrogen oxides in the clhuuber is founded on two intermediate 
reactions of different velocity. In such cases the time recpiired 
by the entire reaction always depends upon the slow(‘r of the 
intermediate reactions. Since in the lead chamber ‘water is 
always pre.sent in the shape of mist, the process goes in tw^o 
phases, the liquid and the gaseous. With an 'increase of 
temperature more and more aqueous mist is changed into steam. 
But nitrososulphuric acid requires /u/uid water for its decom- 
position, so that with the decreasing concentration of the Utter 
the velocity of one of the intermediate reactions must e(|ually 
decrease. Moreover this reaction is incomplete .witfi low 
concentrations of water. We have thus an interesting case pf 
pseudo-catalysis. The direct reaction is practically not 
reversible, nor is the first of the intermediate reactions,’ but the 
second of these (the, decomposition of nitrososulphuric* aci^l by 
water) is reversible. Consequently after .some time nothing! 
remains of the original SO.^, but part of thctSCJ^Mi f^ill remain 
undecomposed, since for piactical reasons, .sufficiently elucidated 
in the text of this chapter, it is n<jt Feasible to en/^doy in the 
last chamber a sufficient c±ccss of water to completely 
decompose the nitrosoiulphuric acid. Thus a considerable 
quantity of the latter must remain qp to the last,, and it would 
< be removed wftll the inert nitrogen and oxygen if it were not 

* (P* 343) Ay observations as to ih^ great stability of ilitrososulpburic 

acid in the absence of water. * 
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retained by thb Gay-Ln§sac tj)wer. This theory has explained 
tftie reasgn of the f^t, known to practical acid-makers for more 
than haflf d‘ ccj'itury, that there must be a large excess of 
nitrogen okides in the last chamber if the conversion of SO.^ 
into HoSO^ds to be practically complete. 

♦ ^ince in the lead chamber, as* in. every helcrogeneous process, 
the velocities of condensation and absorption also essentially 
influence the total velocity, the reactions in the chamber are 
very complicated and are not yet accessible fo mathematical 
treatment ; hence a dynamical theory of the forn;\^tion of 
sulphuric acid in the lead chamber cannot yet be established. 

In his excellent treatise yVe lilcmtiitc dcr chcmiscJien Kinetik 
(Wiesbaden, 1902), Ih-edig equally shows that the quantitative 
working out of the intermediate reactions in the lead-chamber 
process must be an extremely complicated problem of chemical 
kinetics which is not likely to be realised vcr\' soon. At the 
present time we must be content with my above-given demonstra- 
tion, that there is an enormous difference in velocity between 
the direct oxidation of SO., by 0 and the intermediate reactions 
postulated, .by me, which cannot be reactions of secondary 
importance, since the)' always occur wnncdiatcly and qiuviti- 
tativi'ly whenever the components meet. 

The jjreceding pages give an account of the state at which 
the theory of the lead-chamber process stood at the time of the 
publication o[^ the last edition of this volume (in 1903), Since 
that time a great man\' further contributions have been made 
tc5 this subject, of which we shall now give a succinct account. 

A very important paper on the physical chemistry of the 
' lead-chamber process is that published by Trautz (Z. physik. 
Chchi,., xlvii. pp. 513 to 610, abstracted ifi Chem, Centr..^ 1904, 
'i. p, 1301). He declares the mode of action of the nitrogen 
oxides in the chamber to be still unexplained from the physico- 
chemical standpoint; he, has made Experiments for filling up. 
the gaps, and gives a critical revdew both of his own results and 
of former attempts in that direction. There is still uncertainty 
as to the kind of nitrogen oxides prevailing in the chamber. 
The oxidation of SO.„ dissolved in water or^dilute sulphuric 
acid, is extremely slow wqhout the assistance of a catalyser. ' 
As fciuch )ve*must regard the oxidis^ nitrogen compounds: 
HhfO., NO.,, NO, \jm, and SO., (OHJ (0,N0). The action 
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of HNOy as a cata]\ scr is ext^cmel)’ coir()iicatcd- The ai lhor 
studied in detail the conditions of*eqiiilibriuin between nitroso'# 
^sulphuric acid and mixtures of M.^SO^ and w iter at ^various 
concentrations, the concentration within the limits of chamber- 
acids being of especially great influence mi the stability, of 
nitrososulphuric acid. 'rhal^aL’d, when mixed vvdth a^queons 
sulphuric acid at a teiufjeratiire of 25 , on pa.ssing an indifferent 
gas through it, is decomposed all the more quickl)' the more 
water is present^^dving off NO, with which some NO., is found, 
all the mi^re thi less water and the more sul},)hiiric acid is 
present, besides there is ;i formation of water and of nitric ' 
acid ; all the less, the less water is present. Dilute solutions 
(about 0-5 mol. ll.SO,) appear to be merely sursaturated^ 
solutions of nitric oxide, whilst in more concentrated solutions 
thc^chemical action of hydrolysis is sujjcrposed over the pure 
sursaturation. The action of NO on mixtures of UNO,., ll.,S().i 
and water was studied in derail in a very ingeniousi)’ constructed 
apparatus, in which the objectionable u.so of india-rubber 
connections was av(»ided by spiral glass springs, 'i'he absorption 
of NO takes place with unmeasurable rapidit}-, with or without 
11,80^; the results cannot be theoretically treatcd’according 
to the law of masses, on account of the high concentration and 
the unknown dis.sociation of the solutions. NO forms with 
HNO;,+ H.,0+ H.,.SO,, nitro.sosulphuric acid and NO. ; *1110 
partial pressure of the datter increases with an increase of the 
concentration of il.^SO, uj) a maximum; ht yery high 
concentrations of the acid (93 per cent.) it has no measurable 
value. At this concentration, besides nitrososulphuric acid, 
also nitrosodisulphonic acid, NO(IISO.J.,, is formed, apj)roxi- ^ 
mately in inverse proportion to the concentration ^)f 
Up to 52 per cent. 1 l.^SO^ the process is quickly reversible at all* 
temperaturc-s between 32 and S2 , also in <55 per c^nt. II.^S04 
at 82'. The concc^tratioi^of NO and 11 NO^ (juickly decreases 
with rising temperatures ; on the change of the percentage of 
H^S04 their concentrations are*changed at a complicated ratio. * 
An increase of pressure favours the formation of NO.> at the 
expense of NO. SO., acts on nitro.psulphuric aijid also when 
this is dissolv^a* in 95 per cert. H.^SO^, especially when hot. 
By the addition of wa^cr to thi.-i^soluUon thertJ are formed, 
according to the quantity of the water, H.,S04 and fhe excess 
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*of SO2, SOa^fNC, NO alone, NO + NO,, N 0 + N 0 .,+ N, 0 . 
The rc, action: NOCSO^H),^ 2j^DaSO,H'+ 2 H ,0 = 3NO'+ 
4H2S0'4 mxy a|so occur in the lead chambers ; most quickly at 
the conditions of temperature and concentration prevailing 
therein. Together with the previous reaction : 2 NO.,, SO3H + 
.3S02-K2H,0 = 2NO(SO,H),+ H.,S04, and this: 2 N 0 + 0 .,= 
2 NO.. Trautz considers it to be more likely to occur than the 
direct reaction or that of the products of hydrolysis of nitroso- 
sulpliLiric acid ; th^t hydrolysis is not the most productive 
reaction of the system, since it can hardly occur in the Glover 
tower, where most of the sulphuric acid is produced in another 
way. Raschig’s theory permits of deriving many of the really 
jQCCurring reactions from the least number of properties of the 
substances present, but his most important reactions have -not 
yet been proved to occur under the conditions prevailing* in 
the lead chamber. Owing to the immeasurably great velocity 
of the reactions the c|ue.stion is still open which of these play 
the greatest part in the lead chamber; very likely reactions 
still unknown occur there, since the number of the possible 
products of condensation is very great. Some or all of the 
following reactions occur in the chambers 

(1) NO + NO, + II, 0-2N().()]1 
^ ( 2 ) 2NO.OII + 21180,11 -2N().S(),I 1 + 211.0 

-N 0 (S 03 H), + n6 + 211.,0 

t3). NO(S( Vi I), + 2NO.OI I - 3NO + 2 11,80, 

(4) 2NO + 0 + 2ll.,80,-20N0.80,H + H,0 

(5) 20N0.8( ),Ii + 2H.,0 + N0(80.,H), = 4I I,,80, + 3NO 

(6) N0,.S0.,ll + H,0-N0,H+ll',S0',. 

Oivei's (/ Soc\ Chem, hid., 1904, pp. :i;8 cl scq.) tries to 
veconcile the views of Lunge and Raschig, by making them to 
be with some excrescences parts of a more comprehensive 
theory, accordipg to which the production ^f sulphuric acid in 
the lead chamber is di|.e to action going on between the liquid 
and nhe gaseous parts of the mist, brought about by the 
momentary intervention of the two catdiytes: nitrososulphonic 
aqid and nitrososulphuric. acid, ON.SO3H and ON.O.SOgH. 
The liquid particles of the piistj consisting of strong sulphuric 
acid uholding' nitrososulphuric acid iiy ‘solution, continuously 
absorb and oxygen, which by the catalytic action of the 
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nitrososulphuric acj’cl are converted into si^lphiiric acid as fasj 
?is they are absorbed. In the normal working of th^ process 
water is taken up in such quantity as serves to effe-.t incipient 
hydrolysis of the nitrososulphuric acid into its constituent 
acids. Two molecules of SO. and one molecule of are 
absorbed simultaneously, for the reason that the)' find between 
themselves the radical of the catalyser. nitiavs)'], one moment 
as nitrososulphyric acid, and the next moment as nitroso- 
sulphonic •acid. # Or, leaving out all mention of the radical, 
nitrosyl,»S3ut remembering that the substance «jf the same 
formula, nitric oxide, NO, plays no part, the catalwser is nitroso- 
sulphonic acid and nitrososulphuric acid alternatel)'. 

Raschig, in his first paper of 1904, principally defends his 
formerly published views against the objections made against 
thc*n by Divers. lie gives reasons for assum.ng that free 
sulphurous and nitrous acid combine almost exclusively in 
molecular proportions to (orm dihydroxylaminesulphonic acid, 
(HO).>NS().jl [ or nitrososulphonic acid, ONSO.Jl, which comes 
to the same thing. Only a very great excess of SO.^ leads to 
the formation of the sccoitl stage, 1 K)N(SO.,II)., or»lhe third 
stage, N(SO.{II).^. He specially worked at the (|uestion how the 
nitrososulphonic acid, primarily formed, is dccnmpo.sed. N,/) 
only appears on heating, but there is a formation of nitrox) I, 
■0 = N — H, which on ^boiling decomposes completely into 
NoO and H.;0. Free nitroxyl acts hardly at <fll nitrous acid 
in aqueous solution, with or without addition of sulphuric acid. 
But the product of condensation between free nitrous acid and 
SO^, which by itself has only a small reaction on furthei 
nitrous acid, behaves quite differently on the addition ol 
’sulphuric acid, the reaction then being as strong as in the Tead 
chamber. By the action of atmospheric oxygen the nitrous 
acid is at once regenerated^ so that large quantities of SO.^ are 
oxidised. The lead^chamber process may be repifi.septed by the 
following equations : — 

I. ON .011 + SO.^-ON.SO./)ll 
2. ON.SO,.OH + ()N.OH - + }io.so,.yii 

’ 3. 2N() + 0 + H|f)-2H0.N0. 

• • 

• • • • 

Lunge (Z. (ifigew. Cnaiu., 1904, pp. 1659 et seq) (•Ijject.s^ to 

Raschig's theory, <hatr it •involves the formation of large 
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quantities of nitrogen* protoxide, N.^0, in the lead chamber, 
^hich n^otoriously 'does not take place. Raschig, he says, 
discourses On h;s a.ssumed nitro.sosulphonic acid and in many 
other compounds never met with in a lead chamber, but he 
entirely omits to mention two compounds, found in large 
quantities in the chambers, viz., nitrogen peroxide, NO.^, and 
nitrososulphuric acid, ()NO.SO..OH, which, if Raschig’s theory 
were right, would do great damage by locking up nitrogen in a 
useless form. Raschig’s principal error is that he neglects the 
very fir.st po.stulate of the law of the action of masses^viz., the 
action which the presence of an enormous amount of free 
oxygen must have in the action of SO., on nitrous acid. This 
excess of oxygen prevents even the temporary formation of 
nitrososulphonic acid, in lieu of which nitrososulphuric acid is 
formed, Ra.schig’s third equation : 2 NO-f- 0 ~|- l i .,0 = 2 HO. MO 
is wrong, for NO with oxygen in excess and water is quanti- 
tatively transformed into HNO.j, as everybody knows. Only in 
the presence of and in direct contact with sufficient concentrated 
sulphuric acid the oxidation of NO does not proceed beyond 
the nitroso state, but no free nitrous* acid, only nitrososulphuric 
acid is always formed, and that quantitatively. 

Engler and \Veissberg,“ Kriti.sche Studicn iiberdie Vorgiinge 
bei der Autoxydation,” 1904, pp. 157 <’/ declare nitric oxide 
to be an “ autoxydi.ser,” bringing about the action of the lead 
chambers coi^urrently in two ways, viz. : — 

Directly by itself : 

( XitniHosiilphuric aci'l 

2N() + 0 N,p, + St).,lL >0N . OSO3H + ON. OH 

Nitrous acid 

(/;) Indk»-ectly, in presence of a fine spray of sulphuric acid : 

, 2 n 6 + 2SO,I I., + 0., 2ON . OSO3H -f H.,SO,, + 1 h,SO,j + HgO. 

In both cases half of the oxygen taken up is given up to the 
“ acceptor,” .si\lphurous acid, according to ^he general scheme 
for such hjtif-way conj^binations of molecular oxygen : 

(a) Directly : 

Autoxydisor IVroxide AccejUor 

A +0,.-^ AO., + B -> AO + BO 

.Niiroi^cn Nilrojjeu Suljdiurourt Ninou.s Nltrojosulphorlo " 

oxidt' peroxrde acid acid acid 

(^) ^^Indirectiy : ■ 

* Hydrogen Hydrogen Sulphurous Nilrososul* Salphiitic 

k peroxide ' acid'* phuric acid acid. 
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The action in the chamblns is rendered continuous Hy the 
specific property of nitrososiilphul'ic acid, tlwit is, of nitrous acii, 
at the conditions ruling in the chambers, to cause the V'Torma- 
tion of the autoxediser, nitric oxide. 'I'he ndrogen peroxide 
formed at tiie same time is at the same time deci^nposcd ;ind 
deoxydised. The views of Kngler and W'eissbcrg, as the.v 
state, on tlie whole agn'c with that of l.iinge, according to which 
nitrous acid, in the shape of nitrosc^sulpluiric acid, plays the 
part of catal)’?er and oxygen-carrier, but this is only a 
conseijUCjSce of the sj)ecial conditions offered in the lead 
chambers, where an energetic aiitoxydiser, X( ), together with 
an excess of ox)’gen, acts on a ravenous acce[)tor, sulphurous 
acid, forming a com[)ound which, under these circumstances, is 
.stable, viz., nitrous acid in the form of nitrososulphuric acid. 

• The next paper is again by Raschig {/. Chiin.^ 1904, < 

1777). He does not believe that nitros(»sul))hiiric acid occurs 
in large quantities in the lead chambers, and that it is at all 
necessary for the formation of sulphuric acid and a necessary 
intermediate product. .At most he takes it to be a constantl)' 
occurring by-product. 11^- misses a proc)f for the assertion that 
the chamber-acid, which contains uj) to 0 03 per cent. holds 
this in the shape of nitrososulphuric acid, and is not merely a 
.simple solution of in sulphuric acid, d'he occurrence of 
NHgin the chambers he takes to be exclusively explicable by his 
own theory on the formation of nitrososul[jhonic acid, which he 
holds to be certain, although that acid has not yet been obtained 
in the free state. He believes in the formation of real N.X).^ 
from NO, whereas Lunge assumes in the chambers only a 
mechanical mixture of NO and NO.,, behaving like N./.);, against^ 
alkaline and acid reagents. As proof for his oj)hiioijs he 
quotes experiments in which NO was mixed with an excess 
atmospheric air and the gases were, at once pas<;cd through 
decinormal soda-^^lutionf which was at once^ retitrated and 
oxidised by KMnO^. A few seconds after mixiil^^ the gases 
the mixture contained nc)thin*g but N., 0 ., ; twenty-five minutes* 
later, almost exclusively NO.2. Hence NO is, by an excess of 
oxygen, instantaneously oxidised io NLO.^, an(J this is only 
slowly further oxidised to NOl^. Further experiment with fiis 
“ lead-chambet in a tumbler” corroborated that* at first ^pure 
NgO^ is formed, only Jater on mixtures with HNO.„*but neveri 
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fceyond the proportion i : i. Under the conditions of the lead 
(jhambcr the only f,adnfissibb equation is: 2 N 0 -l -0 = NgOg; 
NO and^^op;^ are the only nitrogen oxides normally occurring 
in the channber^s. Only near the end of the chamber system, 
where the rpetions have slackened down and only a few drops 
of dilute sulphuric acid are forn.ed, ultimately a small quantity 
of NO., IS found, a sign of “the weakness of old age.” 

Lunge, in his reply (Z. nngeiv. Cliem., 1905, pp. 60 et seq), 
refers to the valuable paper of Trautz (cf. supn), p. 1014), in which 
nitrososulphuric acid plays a princip^il part, thtf entirely 
.hypothetical nitrososulphonic acid being set aside, "'iiven in 
Raschig’s“ lead-chamber in the tumbler” there is absolutely no 
proof for as much a transient formation of nitro.sosulphonic acid, 
let alone a proof for such a formation under lead*chaml;>er 
conditions. The reduction of nitrites by sulphites to NIT^ is^n 
old-established reaction in the manufacture of caustic soda, and 
therefore the occasional occurrence of traces of NH^ in a lead 
chamber cannot have the importance attributed to it by Raschig, 
for if that chemist’s theory were true, Nll^must be found in 
large quantities in the chambers, as the final product of his chain 
of reactions!' The absence of N .^0 in the chambers also 
militates against Raschig’s theory. Concerning the nitroso- 
sulphuric acid, whose presence in the chambers is denied by 
Raschig, Lunge gives figures from which it is seen that in the 
chamber to which his analysis refers, the acid contained 0-24 
per cent, of iritrososulphuric acid, and the total acid of that 
chamber contained 2900 kg. of that compound. Lunge has for 
some time past withdrawn the opinion that sensible quantities 
of free N.^ 0 ., are present in the chambers. Raschig’s last 
experiments are vitiated by his employing dilute caustic-soda 
solution as an absorbent for the gases ; that dilute solution acts 
essentially like water and exhibits the well-known irregularities 
in the absorption of nitrogen oxides.^ Raschig’s assertion that 
only half of the NO passes over into UNO.^, is vitiated by his 
^employing such a large excess of water, and altogether he nearly 
always worked under conditions entirely different from those of 
the chambers. I'he formation of minute traces of free N^Og in 
the chambers is quite possible, »but that is very ‘different from 
Raschig’s asj^ertion that N.,Og is thp only product formed. 
Rasdiig’s opinion that atmospheric oxygen, in consequence of 
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the dilution with iiitrogen, behaves quite difTerently against NO* 
from pure oxygen, is refuted by expenmei^s made by Lung(4 
with Berl. \ 

The next paper of Raschig's ChciN.^ 19^5, PP- 

j’tY-) is summed up by himself as follows, (i) h^itric ox^dc, 
when meeting oxygen, is quickly converted into nitrogen 
trioxide, and this is slowly further oxidised into nitrogen 
dioxide, NO., or N., 0 ^. The times occupied by these two 
reactions are in the proportion of i ; too. [Ra.schig admits, on 
p. 129.S, th*at this'eontention involve.s the invalidiU' of Ava>gadro’s 
law, aiuffie is bold enough to say that that law must be con- 
sidered as being annihilated by his investigations. W'e must 
draw attention to the fact, that consequently those who assent 
to Raschig’s views are thereby e(]ually forced to deny the truth 
of •■Avogadro's law, which hitherto has been universally con- , 
sidcred as one of the fundamental laws of modern chemistry !] 
(2) In the atmosphere of the lead chambers it takes three 
seconds to oxidise NO to N.p;;, or four minutes to carr)' on the 
•oxidation as far .as NO,,. .Since it is unlikely that iirthe lead 
chambers molecules of N.p., and SO. meet so rarely that the 
former have time to oxidise into NO.,, it is ncce.ssafy*to assume 
that N., 0 .{ is that oxide of nitrogen which reacts with SO.^ in 
the lead chamber. (3) 'Fhc same conclusion is reached when 
observing the behaviour of N._, 0 , and N.P^ to SO^ in, the 
presence of water. N* 0 , docs not act at all on SO.,, but is 
dissolved as a mixture of IINO;{ and UNO., of ^hich only the 
latter reacts with SO.. N./.) ,, however, combines directly with 
SO.,. Hence i mol. N.p.j converts more SO., into H.SO^ than 
I mol. N.,04. (4) N.p.j or nitrous gases of similar composition 

are quickly and without .causing errors dissolved by strong 
sulphuric acid, the analy.si.s of which allows of ascertai:ung thei;; 
composition. Cau.stic-soda solution doc.s not so easily ab.sorb 
NgOjj, nor does watgr, andem entering into solution* it doe.s not 
form pure nitrite, but is partly split Tip into N (3 awd NO.^, the 
former escaping unabsorbed tind the fatter dissolving to a • 
molecular mixture of mitrite and nitrate. The error thus 
caused in analysing in the case of ppre N.p.{ amounts to 1 5 to 
20 per cent. ; ’id the presence of indifferent gases it is only 
5 per cent. (S') Np^ or nitrous gases ot a similat compo.sjtion 
dissolve easily and smoothly in caustic-soda solution, •forming a 
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molecular mijfture of ?;u‘Jrite and nitrate, and can be accurately 
analysed in this vv^y. In siSlphurlc acid N^Oj dissolves with 
difficulty and with loss of some oxygen. (6) The compound 
formed on*' dissolving N.O.j in sulphuric acid, known of old as 
“chainber-frystals,” has not the constitution of nitrososulphuric 
.•ici([, O.— N — O — SO., — OH, but: i< is nitrosulphonic acid, 

\n so,. - OH, 

()/ 

c 

in which the sulphur is tied to nitrogen. (7) In thc«»»ction of 
reducing agents on nitrosulphonic acid an atom of hydrogen is 
taken up, and it is converted into nitrosisulphonic acid. 


0 N 


-^OH 

.SO, -OH. 


This acid is soluble in concentrated sulphuric acid with a fine 
blue colour ; in weaker sulphuric acids it jiroduces only a slight 
red colour which on addition of a few drops of cu[)ric sulphate 
solution.s changes into vivid purple. Nitrosisulphonic acid is very 
easily split up into NO and ^Thc estimation of nitrogen 

in Lunge’s nitrometer is based on the formation and decomposi- 
tion of this compound. [The formula given to this “nitrosi- 
sulphonic acid ” involves the assumption of cpiadrivalent 
nitnv.>gen !-“G. I,.J (8) Nitrosisulphonic acid forms with copper 
and ipn salt-like comixninds of somewhat greater stability. 
Differing froin the free acid, these, compounds do not split off 
any NO when shaken with strong sul[)huric acid. Plence the 
nitrogen of substances containing copper and iron cannot be 
, estimated by means of the nitrometer. (9) Nitrosisulphonic acid 
is also formed when SO., meets with nitiosulphonic acid, but 
'Only when this has been previousl\' split up into nitrous acid 
and sulphilric acid. It is, therefore, not formed by a reduction 
of nitrosulphonic acid, but by the fact that the nitroSO-sulphonic 
acid, ONSO.JL previously formed from a molecule of nitrous 
* acid and a molecule of sulphurous acid, is immediately trans- 
formed with a second molecule of sulphuric acid into nitric^ 
oxide and nitrosi-sulphonic acid. (10) Exactly in the same 
way nitrosulphonic acid in the Glover tower yields first nitrous 
acid then nftro.so- and nitnosi-sulphocfic acid, &nd ultimately 
nitric oxfde and sulphuric acid. The nitric oxide is again 
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oxidised into nitrous acid, which again fcunbines with sulplr.iroiis 

acid, and as final j)rocliicts a'gain yield nitric o^vidc an^ 
sulphuric acid, and so turlh. (ii) The same circle of reactions 
is continued in the lead chambers. Both the chamber-process 
and the formation ef sulphuric acid in the Glover tower* arc 
expressed by the equations 

1. ON. Oil +SO, ON. SO,. OH. 

2. ON , S*)., . Oil + ON .Oil NO + ( )N ^ ,1 , 

SO,. OH * NO-l H .SO,. 

2N0 M) fH ,0 >ON OH. 

The first of these reactions is revcrrsible. If it has taken place, 
tlic second follows immediately, d'he third ^oes on all the^ 
more quickly, the higher the temperature ; it may entirely cease 
during di'.turbanccs in the chamber-process, especially when the 
reactions i and 2 are continued up to the cool (biy-Lussac 
tower; in that case the acid flowing from that lower shows a 
pink colour. The fourt)^ reaction at ordinary ^tcinperatures 
requires three seconds for its completion ; at the higher 
temperature of the chambers probably even less. (12) This 
whole theory Kaschig claims to be essentially the same as that 
which he pronounced in ivSSj and again affirmed in 1904. Only 
his former second eqifation, which he himself in 1904 admitted 
to be somewhat uncertain, is now separated into* two e(|uations, 
Nos. 2 and 3, each of which he claims to have proved as corrvcl. 

In the Report on Alkali llorks, for 1905, p. 19, where 
Raschig’s paper is mentioned, it is stated that in Great Ikitaii) 
experience has abfindantly proved that it is practically im- 
possible to avoid di.sorganisation of the chamber-process when 
working with a notable excess of SO, in the la.^t chamber; 
it is most difficult,to contt-ol the amount of sucji excess within 
the limits desired, and escapes from tjie exit of the process 
beyond those prescribed by tlie statute are then most liable t<^ 
occur. The aim of mdst acid-makers of experience has been to 
reduce such excess of SO, to a minimum consistently with 
preserving the fead work of thft b^ck chambers from attack by 
nitric acid, v^hich is a reaction produtt under»conditicvis of 
absence of SO^. , 



1024 


. ^ THE •€H AM BJER-PROCESS 


The preceding publication of Rascliig’s caused Lunge, this 
time in conjunction ..witli Beri, to take up that subject again. 
The results pf their work in that held are contained in the Z. 
an^ew, Che.n., 1906, pp. 807 to 819, 857 to 869, and 881 to 894. 
In .the firstj instance they made an extensive experimental 
i^ivestigation of the behaviour of the nitrogen oxides, in order 
to ascertain whether Raschig’s objections to Lunge’s analytical 
methods for these oxides are well founded or not. Liquid 
nitrogen peroxide was prepared in a state of complete purity, 
and in specially constructed apparatus brought into^ contact, 
both with concentrated sulphuric acid and, on the other hand, 
with decinormal caustic-soda solution. Their numerous and 
most careful experiments were in complete accordance with 
Lunge’s former statements ; both liquid and gaseous nitrogen 
peroxide, diluted with air or oxygen, give absolutely correct 
analytical results by absorption in sulphuric acid and testing 
that solution for total nitrogen in the nitrometer, and for the 
degree of oxidation by potassium permanganate, if the amount 
of water present with the N.X),, is taken into consideration. In 
opposition to Raschig’s contention on the slow rate of absorp- 
tion of N./)j in concentrated sulphuric acid, which was founded 
on partly objectionable experiments, they found the velocity 
of absorption to be immeasurably great. In making these 
experiments they had to construct special apparatus, in order 
to assure the absence of any errors. They also point out various 
important ..souices of error in Raschig’s way of proceeding. 
Most distinctly they refute Raschig’s assertion concerning the 
splitting off of oxygen by the action of sulphuric acid on 
nitrogen peroxide, which, he as.sertcd, must lead to the forma- 
tion (.)f free nitrogen and nitrous oxide, both of them valueless, 
ki sensible quantities ; thereby also Raschig’s conclusions on 
the technical part of^ the absorption of nitrous gases are shown 
to be worthfess. 

Lunge awd Berl then proceed to discuss the formation of 
nitrogen trioxide, N.p.^, and its existence in the gaseous state. 
They point out how monstrous is Raschig’s attempt at brushing 
away the physical proofs fpr the splittmg up of NgOg into NO 
arid NOj on vaporisation, and -his maintaining the formation 
of N^-^Og front NO and O by the bo/d words. “Avogadro’s 
hypothesi.s"is, therefore, false.” That means denying one of the 
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fundamental laws of phjsics And chemistry, which involves alsd 
a denial of the kinetic theory of gaScs iwul of the modery 
theories on dissociation, and is absolutely irrcconcilifble with 
the work of so many investigators in that field. Such a 
monstrous assumption is all the less excusable, as^Lungc ^nd 
Herl have also de..troycd Raschig’s arguments founded on 
erroneous analytical methods. V\’e must refer the reader for 
details to the original paper, and we now give only the final 
conclusions pro^d by Lunge and Berl’s work. 

(1) LUjuid iTitrogen peroxide, as well as the mixture of \()., 
and N.W 4 formed on its vaporisation, are quite accurately 
analysed by absorption in concentrated sulphuric acid by means 
of an efficient apparatus, al.so when they are diluted with large 
qu^intities of air or pure oxygen or pure nitrogen. 'I he pro- 
portion of oxygen to nitrogen found in the absorbing-acid is < 
exactly that which follows from a s|)litting up of nitrogen 
peroxide in the sulphuric acid intoc(|ual molecules of a nitroso- 
compound (SO..XH) and a nitro-coinpound (1 INO.^). Kaschig's 
results, which are in contradiction with this, must needs be 
erroneous. 

(2) Dilute caustic-soda solution gives e(|ually cdrfect results 
for nitrogen peroxide, when this is brought into contact with if 
either in the liquid state or as a vapour, diluted with an inert 
gas (nitrogen). This holds good both of the total absorj^tion 
and of the proportion between nitrite and nitrate. If, however, 
gaseous nitrogen peroxide is mixed with ox)»gen or atmo- 
spheric air, the nitrite, in the moment of its formation, is partiahy 
oxidised into nitrate, thus increasing the (jumitity of the latter. 
Such mixtures, therefore, must not be analysed by absorption 
in dilute soda-solutiyn, as Raschig’s has attempted to do. This 
rapid actiouof free oxygen on sodium nitrite at the moment oX 
its formation^ while that action on finished iLodium nitrite is very 
slow, constitutes a new fac^ of considerable importance in some 
technical questions. 

(3) Gaseous mixtures containing, besfcles nitrogen peroxide,* 
also nitric oxide, up toihe molecular proportion NO-f NO^, on 
absorption in concentrated sulphuric acid also give correct 
results. ProbAMy in the firsts instance the peroxide forifis 
nitrososulphuric acid and nitric acifl ; but the latjer is instan- 
taneously reduced to nitPososulphuric acid by the NO, so ^hat 
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there is no los!> of nitrojjen compounds; and a' mixture of equal 
uiolcculcs of NO ai\d XO. has the ‘same action as if N.,0.5 were 
present K more NO is present than in the ratio of i mol. 
.NO to I iffol. NO.,, that cxc(?ss must escape unabsorbed. 

-(4) Mixtures of the kind mentioned in No. 3 must not be 
■'Mialysed by absorption in dilute caustic-soda solution, as in this 
case the total absorption is incomplete, and moreover the pro- 
portion between nitriti^ and nitrate is wrongly turned to the 
increase of the latter. The reason of these faults is this. At the 
first moment the .soda solution, like the sulphuric acicl.^dissolves 
the nitrogen peroxide with formation of nitrate and nitrite, but 
the reducing-aclion of the e(tually present NO on the NaNO.j is 
much too slow even at the moment of formation, and therefore 
much NO thus escapes absorption. Hence in this case (and 
doubtless in many others) a mixture of equal molecules of NO 
and NO., docs //eZ act like N.^ 0 .,. 

(5) The lo.s.scs observed by Raschig on thg absorption of 
nitrogen peroxide by concentrated sulphuric acid, and ascribed 
by him to a splitting-up into N ..0 or N and ozone, and to the 
comparatively slow rate of solution of the nitrogen peroxide in the 
acid, do not take place in the case of proper manipulation. The 
absorption is, in fact, quantitative; the apparent loss (which 
could be reduced to 3 per cent.) was experimentally proved to 
be due to the attraction of moisture by the liquid peroxide on 
weighing it out. Contrary to Raschig’s assertion, the velocity 
of absorption of the nitrogen peroxide is extremely great, not 
merely in sulphuric acid of full concentration, but also in 
So per cent. acid. 

(6) The use of india-rubber for stoppers or joints, unless 
these are specially protected, in the presence of nitrous gases 
^causes considerable errors in analyses, and any tests made with 
apparatus of this khid arc unreliable. This does not apply to 
nitric oxide in such cases where no oxygen gets mixed with 
it (which of course produces higher oxides of nitrogen). 

(7) If NO is brought into contact with an excess of air and 
water, there is, contrary to Raschig s Assertion, a formation of 
r^itric acid, even when the mixture is immediately shaken up, 
over and above the amount pfoduced when dissolving. NOg in 
water, and this is eiSpecially owing i:o the oxidation of the 
aqueous solution of nitrous acid by atmospheric oxygen. The 
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action of water assumed by kaschig, which is from the outset 
most unlikely and is called by him “mofl; remarkable,” anci 
which, as he thought he had found, consists in dissolviyg from 
a mixture of NO., and only the former, has no existence. 

(8) The oxidation of NO leads directly to peroxitie, witlu)nt 
going through the intermediate stage (»f N..O... I'he break in 
the reaction-curve assumed by Raschig to take place at the 
point when NO has passed very quickly into N., 0 .p wlpch after 
that poiiU passes, as he states, much more slowly over into 

be deduced neither from his experiments nor from 
Lunge and Herl’s, On the contrary, in all cases, both when 
working with pure oxygen and with atmospheric air, a steady 
curve is found, just as must be expected from the kinetics of 
reaction in case of a simple lime reaction: 2NO4 O.,-- N.jOj. 
It^^as unmistakably proved that this reaction does not go on 
instantaneously, but re(pures a certain time during which, 
besides molecules of N .O.,, NO., and oxygen in excess, there is 
always some NO pre.sent. 'I'he reaction: 2NO-t O., N./), 

(2 NO.,) is a tri molecular one. 

(9) The arguments giv^n sub No. <S have absolutel}' disproved 

kaschig’s argumentation for the initial formation of N./)., from 
NO and 0 (whether pure or mixed with N). Since, as admitted 
by himself, there is no other “chemical’' proof possible for the 
existence of gaseous N., 0 .j, and since all former work fouftded 
on physical ob.scrvatioVis leads to admitting the existence of 
gaseous N.^O.j at ordinary .temperatures only *to a minimal 
extent, and not all above 50 , there exists no possibility .of 
assuming the presence of gaseous NX)^ in the atnu^sphere of 
the lead-chamber, and of basing thereon any theories of the, 
chamber process. • * 

(10) B>^the proof that Raschig’s arguments for the existenct 
of sensible quantities of N.A, in the ga.seous stale are*unfounded, 
also his attack on Avogadto’s law has-been rebujted, 

' (1 1 ) Raschig’s assertion that the chajnber crystals, SO,jN H , 
are to be considered as nitrosulphonic acid, not as nitroso-* 
sulphuric acid, cannot be submitted to any proof for the solid 
crystals ; but for this solution in sulphuric acid iu any case tjie 
“ nitroso” formu**la must be reg;frde^] as the right one. 

(12) Raschig’s theor/^of the Icad-chaftiber procTjss^ developed 
in his publicatioivs of^88§, 1904, and 1905^ is untenable, fifstly, 
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because it entirely ignores the formation of nitrososulphuric 
Xcid, which takes pfacc everywhere and necessarily ; secondly, 
because as' an essential intermediate “link” it introduces a 
compound never up to this moment produced even in traces, 
viz.v his “ ifitrososulphonic acid.” by which assumption not the 
siigbtc.sA advantage is gained ; tliirdly, becau.se an inevitable 
consc(|uence of his theory would be the formation of mi shier able 
(juantitios of nitrogen protoxide, hydroxylaminc and ammonia 
in the vitriol chambers, which certainly does not take place; 
fourthly, because his theory demands a continuous f^cmation 
and action of nitrous acid which cannot be found in the atmo- 
sphere of the chambers* either as such or in the form of the* 
anhydride, nitrogen trioxidc. 

Under all circumstances the assumption of the hyj 5 o- 
thctical nitrososulphonic acid is absolutely superfluous, sidee 
sulphonitronic acid {cf. No. 14) is formed directly from SO.,, 
NO.,, and H.,0. 

(13) Nitrososulphuric acid acts as oxygen carrier, which 
fact is most easily proved in the nitrometer, but must naturally 
be applied to. other cases as well, and< comes out in the series of 
reactions enumerated sub No. 15. 

(14) The blue compound SO-Nll.^, already brought in by 
Trautz, which has been quoted as “ sulphonitronic acid,” 
and 'which has been assumed also by Raschig in his newest 
paper (under the name of “ nitrosisulphonic acid ”) to act as an 
intermediate link between his hypothetical nitrososulphonic 
ackl and sulphuric acid, is actually formed, although only 
transiently, on the action of nitrogen peroxide or of nitrous 
acid on sulphurous acid, and also on the reduction of nitroso- 
sulphuric acid. It most easily passes over'* into the last-men- 
ttoned acid, either by the action of free oxygen or by oxidation 
by means of.NO.j with a splitting-off of NO. Nitrososulphuric 
acid, on its paijt, afterwands either passes over by hydrolysis 

.into sulphuric acid anfl nitrous acid (which, however, cannot 
exist for a moment in the atmosphere of the chamber, where 
it is. instantaneously split up into IT.^0, NO, and NOg), or else, 
as, in the Glover tower, it veacts with SO.,, forming sulphuric 
acid and agaip sulphonitronir acid, which, as above mentioned, 
is oxidised^ by "free oxygen or *by NOg. 'The NO formed from 
the latter is of course again changed into NOg by the atmo- 
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spheric oxygen. Besides this, may a!.s(| occur the splitting-. ip of 
sulphonitronic acid into NO and uliich takes^place irt 

the nitrometer, and which in Raschig’s last paper is fJso assumed 
to take place in the lead-chambers. 

(15) From the points enumerated we must in^^r that 4 hc 
theory of the Icad-chambcr process, pronounced by L'lnge i'. 
18S5, retains its validity in all essential respects, but that the 
equation : 2S()-h N()d-NO.-fO,-f H-.O -^jSO-NI 1 , the left side 
of which show* too man)’ molecules as reacting U|)on one 
another^ ^liou Id *bc replaced b)- simpler equations through the 
introduction of the />rer<v/ formation of sulplmnitronic acid 
as intermediate link. This modified the* ay is rej)resented by 
the following ecpiations: — 

I. SO,. 4- NO,, f 11/) - N Ojl siilplionilHMU'’ a.'id. 


0 niiro.Niil|»honii‘ 

.SO,. OH acid -11,0 

i 

2SO , I j nitrososul^)hin ic acid. 
2SO,Nll 1 NOa 110. 

2 Sb/ I NOh NO,. 

IL.SO, f 2.SO NMl, 

NOa H,SO,. 

N/),. 

Reactions i, 2", and 2'' thus show the formation, first of 
sulphonitronic (nitrofisulphonic) acid and then that of nitroso- 
sulphuric acftl. Reactions 2“ and 2'' go on simultaneously and* 
parallel, according to whether free oxygen or IS’ prevail in 
a certain place in •the ga'!ieous mixt^ire. In tjie same way 
3® and 3*' go on parallel, viz., 3'* therg where there is an 
excess of water, 3^ there where there is less water and more 
SOjj. then pas.":es on to y, except where the reactions 
2® and 2^' have Uken place ; this latter case must* be regarded) 
as the prevalent one in the chiftnbgrs, where 0 and NO.^ are 
everywhere present as weih Hence all the*rcaction.s*enpinerated 
su^ No. 3 lead to the feymation of sulphuric geid. 


2 ‘. 0 N 


0-N 


O 11 
SO, . Oil 

so,oii 

() 11 


-f o 


2". 2S(),Nir,-f-NO, 

3“. t- H,,() 

3". 2SO,NH + S(), + 2H3l 
3'. SO,,NU., 

4 . 2 NO + O 0 
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^ In order lo facilitate understanding these reactions, we 
jihall now give them, not* in st'uctural, but in ‘simple formulae: — 

' r; S(X, + NO,h-H,,() - SO,NII, 

2. 2S(XNH, + () ” H,()4-2S(),NI[ 

2S()’nH +H..U 2H,.S(), + N() + N(), 

f 2SO^’n 11 -f S(’).. + 211.0 1 1, so, -i- 2S0,NH, ’ 

V S(V.NH., ’ NO + 11, SO, 

4. 2N() +0, N,(),. 

We here intcrj)ose a short notice of a controversy between 
M. Neumann and the author of this treatise, the papers referring 
to which appeared shortlv' after lainge and HerTs coininiinica- 
tion, of which we have given an abstract in the preceding pages, 
1024 r/ sr(/. 'These pa[)er.s art' by Neumann (Z. aiiii'civ. 

1906, pp. 1703 t<^ 1708); Lunge {ibid., [)[). 1931 to 19^3) > 
Neumann {ibid., 1907, pp. 364 to 307); Lunge {ibni., pp. 267 to 
268). In his first ()a[)er Neumann pronounces his essential agree- 
ment with Lunge’s theory of the lead-chamber process in its 
former shape, which he assume.s to have been quite materially 
changed in the paper by Lunge and Leri, sudra ; Lunge’s reply 
shows that this assumption is unfounded, and that the other 
objections made to various statements of Lunge’s are equally 
•groundless. In his second paper Neumann upholds his views, 
and Lunge finally re()lies in the la.st of the above-mentioned 
papers. We cannot here find space lo go into particulars on 
this ebntrovetsy,' by which the subject in (piestion has not 
received any material further elucidation. We only mention 
that Neumann has taken out a (icr. T. 109729. in which he 
tries to combine the “ reaction-towers,” proposed by Lunge {vide 
supra, p. 657), with other towers in which, the reactions of the 
, Glover-tower are to be further extended. We mu.st confine 
ourselves lo this .short notice, as we cannot find out whether 
Neumann’s system has been ani’whcre triec[ on a working scale; 
none of thtr practical men we have enquired from knew anything 
‘ about it. 

Remarks and discu.ssions on the inodern processes here 
treated by E^ban and by Feigensohn in Chetu. Zeit., 1906, No. 
j^.and Oesterr. C/u'ui. Zeit., 1906, pp. 238 and 27/, afford no new 
infqrmation ‘bn this subject. , ^ 

A loiig paper b}- Littmann {Z. angcic. Chem,, 1906, pp. 

V. , I « 
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lI77^to n8S) describes nurr^rous observations he had made* 
with lead-chambers during actual; work, which (as he himsclj 
admits) offer very little novelty to those c<»n verson t R'ith this 
subject. In this place we need only mention that ikc finds all 
over a formation of nitrososulphuric acid ; but he considers that 
formation, if taking place at an excessive rale, to be ratlier 
injurious to the chamber-process than otherwise, apart from 
damage done to the lead. He lays great stress on dividing the 
gases equally, s(f that the atmosphere of the chamber becomes 
all over fliargetl with nitrous gases, an(> on introducing the 
gases from the top. The part played by the acid l) ing at the 
chamber-bottom is also important, as it denitrates the descentb 
ing nitrososulphuric acid and reintroduces the nitrous gases into 
tliQ atmosphere of the chamber. 

^Le Blanc IHi'khochcni.^ 1906, pj). 541 c/ vc*/.) found tliat 
caustic-soda solution frequently yields faulty results in the 
analysis of nitrous gases, more nitrate being found in the 
proportion to the nitrite than is actually present, lie prefers 
absorbing the gases, with due agitation, in strong sulphuric acid 
and analysing by Lunge’s methods. Most dislinctl\’ he found 
that N.,().. is lormed only m minute (juantitics and'tC*mporarily. 

Nernst {ibid.^ p. 544) confirms that alkaline solutions do not 
instantaneousl)' absorb NO,. Le Blanc shows that on mixing 
NO and NO,„ an csjuilibrium ; NO-f NO^'^N./)., takes pjace, 
.which at ordinarv' and higher temperatures is so far shifted to 
the left .side of that fofmula, that no sensible quaint ities cf 
can be found by estimating the vapour pressure. Only at 
much lower temperatures, considerably below the liquefying 
point of nitrogen j)eroxide, N./);. is stable. The above equili- 
brium NO4- ),,, although containing extremely little' 
'NgOg, cheirucally behaves like N„(), [which is preci.scly the*conj 
tention of Lunge throughout the whole of Jiese conl*roversies]. 

Ihe controversy betwaien Ka.schig mi one sideband Lunge 
and Berl on the other was continued by Ra^chig in a long 
paper, Z. angnv, Cheui., uyyj, pp. ()if\ to 722. From his» 
experiments he infers the existence of various hitherto unknown 
nitrogen oxides : iso-nitrogon-tetroxulc (oxy-nitrogen-trioxide), 
iso-nitrogen -peiftoxide, nitrog^^n hexoxyde (trioxy nitrogen 
trioxide), nitrogen hept^xyde, nitro|[en-iso-(lioxid<^, about which 
we must refer to the original, since no other chernislTup to* this 
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^time has observed these substances, and the part they would 
^lay in the chamber-p'roces.% if they really existed, is quite 
uncertain. ^ Raschig again upholds his denial of the truth of the 
law of A\'ogadro. He further discusses the question of the 
formation <of nitrosulphonic acid ( = nitrososuiphuric acid), 
which he maintains to be impossible in the chambers, so that 
that compound cannot play the action of catalyser in the chamber- 
process. On the contrary he believes it to he injurious in that 
process, in accordance with Littmann (.s7//;7/,'p. 1031), and he 
again maintains his theory of the action of nifrous acid as the 
dCatalyser in the chamber process. He also tries to meet some 
special objections made to his statements by Lunge and Berl. 

('aused by Raschig’s just-quoted publication, Lunge and 
Berl (Z. ani!;cio. Chou., 1907, p. 794; {)p. 1713 to 1722) repeated, 
with the greatest possible care and every imaginable precaution 
against errors, their work in that field, more especially on the 
analytical methods for estimating the various oxides of nitrogen. 
Raschig had so far agreed with them that for the analysis of 
compounds, having the empirical composition of N/);} (whether 
this be present as such, or as a mixture of equal molecules of 
NO and NOJin the presence of oxygen, concentrated sulphuric 
acid is the proper absorbent, whereas caustic-soda solution 
gives erroneous results; but for the estimation of nitrogen 
peroxide in the presence of oxygen, Ra.schig holds to soda 
solution as the only proper absorbent, because, as he maintains,, 
with sMphuric'Jicid the absorption is not complete and there are 
los.ses by the splitting-off of N.,(), N.„ and ozone, and other 
sources of error. In order to decide that c|ucstion, Lunge and 
lierl carried out a number of experiments with the utmost care, 
and by >tneans of specially constructed apparatus. To begin 
Xvith, they prepared absolutely pure and dry nitrogen peroxide 
and submitted this to the various analytical processes, with tl^e 
result that fheir former results were entirely corroborated, and 
Raschig’s contentions were proved to be wrong. Another series 
of most carefully conducted experiments proved beyond 
contradiction that the action of oxygen 0n NO leads directly to 
the formation of nitrogen peroxide, the curve taking a completely 
coVitinuous course, decisively excluding the assumption of any 
intermediary.) formation of' nitrogen tiioxide. Lastly, they 
repeated their experimental investigation of the reactions in the 
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lead-chambers, and they found, when ^working with pcrfectcu 
apparatus and the utmost possible care, tlnft the eqiw^tioiis b^ 
which they had represented the chamber- process :n their la.*>t 
paper {supra^ p. 1029) were not merely confirnuaf as takinjj 
place, but it was moreover proved that the)’ on aluK)st 
quantitative!)’ ; thus once mere provin^^ that the formation yf 
nitrososulphiiric acid and its deconqxisilion, with the inter- 
mediate stage of sulphonilronic acid, play the principal part in 
the chamber reaj:tions. 

To iUis paper Raschig madi’ a short repl)’ (///V., p, 180;), 
in which he asserts that l.unge and Herl had not entered upon 
his principal contentions, and he entirely maintained all his 
assertions concerning the processes going on in the lead- 
chambers. 

•A final reply to Raschig was made by Lunge and Herl (//vV/., 
pp. 2074 i hey refute Raschig’s accusations as to their 

having neglected to enter upon man\ of his contentions, and 
prove that his accusations arc in every single case entirely 
unfounded. In their o[)inion nothing more c.in be attained by 
mere quarrels, and a continuatioit of the discussio;’,^is useless 
before fresh work in that field has been done, preferably by an 
impartial third part)'. 

Raschig has not made any repl)' to the above during th 
years elapsed since that controversy, and wc have novv*th< 
right to say that the question of the reactions, in the chamber 
stands there where Lilnge-and Herl left it; especially a 
Raschig, when opposing the theories of Wontzki and (T Jurisoi 
in 1910 {vide infra) does not use that op})ortunity of coinbatinj. 
Lunge and Berks views as just stated, and that, as we shal 
sec fw/xd, in his lectflre in 1911 he distinctly admits that*th< 
action of oxygen on nitric oxide does not prixluce N.,0.„ bul 
nitrogen peroxide. 

H. B. and M. B»ker (/T Cheni. Soi^, i'/o/ ; I'j’ansfu lions, ii 
p. 1862) assert that nitrogen trioxide ca^i be obtamed in th< 
gaseous state, if every trace of moisture is excluded by specia 
precautions [a precaution, of course, the reverse of which hold: 
good in acid'cltambers]. - • , 

Mandl and Russ (Z. an^eiv. i^ien^, 1908, pp. 48610 491) fine 
that the combfnation oY^NO witii oxygen leads* tq var)dn( 
results, according to the origin of the oxygen employed, anc 
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does not always lead^to pure They admit that their 

experiments are nof sufificientTor a final solution of the question; 
perhapsrcatalysers come into play here. 

In oppiasitidn to their work, Holweeh (/7vV/., pp. 2131 to 
21 34), worldng under the direction of Professor Haber, shows 
that a mixture of 2 vol. NO and i vol, oxygen of various origin 
at atmospheric pressure is practically completely changed into 
NO.,' and N..O4, and that the velocity of the reaction is approxi- 
mately the same, for oxygen prepared by l.hide’s process, or 
such containing ozone, or prepared from barium .peroxide, 
'potassium bichromate, and dilute sulphuric acid. 

Foerstcr and Koch (//'/r/.,pp. 2161 to 2172 and 2209 to 2219) 
studied in great detail the action of a mixture of nitrogen 
dioxide and oxygen upon water; also the action of water-on 
nitrogen dioxide strongly dilutefl with atmospheric air, iMid 
of ozone on NO.^ Their work is of very great importance 
concerning the formation of nitric acid (r. supra^ p. 184), but 
docs not apply to the vitriol-chamber process. 

Podehstcin (Z. lilektrodieuL, 1910, p. 876) di.scusscs the 
velocity of the combination of NO, with oxygen, on which he 
has (with Meinecke) made experiments at very low concentra- 
tions, by which that reaction becomes measurable. Their 
results are not yet entirely concordant, and further work must 
be done in that quarter. Most surj)rising is their observation 
that that reaction goes on more slowly at 15 than at o'. 

lurisch (Chou, hid.., 1910, pp. .137 to 142) puts himself in 
opposition against both Lunge and Raschig, and all others who 
assume that the oxidation of SO.^ into H.^SO, takes place 
. indirectly with formation of intermediate compounds. He 
maintains that the normal process in the chambers is repre- 
"senled by the equations 

*. SO., + N„0, + 1 1 ,0 - 1 1 .,SO, + 2 NO 
. .S<), + 2HN0,, = lf„SO, + iNO 

S0,, + 2>HN03 = H,SO, + 2NOj, 

and that all the reactions observed by Lunge and Raschig take 
j^ace under abnormal conditions. 

Wentzki (Z. atigew. Chon-., 1910, pp. 1767 to 1714) also 
declares the assumption of( intermedie'ce staged in the oxida« 
tioA of SO2 by the nitrous gases in, th^ lead-chambers as 
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unnecessary, such . oxidation taking place in a direct manne* 
by nitric peroxide : 

(a) S(), + Nn.. + H/) 11, SO, i-NO 

(/d NO + O " - NO.. 

Nitrous trioxidc, he holds, is not in (jiiestion, as its existence, in 
the gaseous state (under chamber conditions) has been distinctly 
disproved. Lead-chamber crystals arc only formed in the 
chambers in sTich places where there is a local deficiency of 
water, ^i^t primaril)’ by the condensation of S(),„ NO, O, and 
II., 0 . He objects to the constitution formula given to suljfiK - 
nitronic acid by Ra.schig and by Lunge and Herl, and he believes 
that that acid cannot be formed undcT chamber conditions. 
Tbe nitrosisulphonic acid (sulphonitronic acid; is formed in 
the chambers only by the action of SO., on an excess of 
nitrososulphiiric acid, c.y, by a faulty })rocess in the Gay-Lussac 
tower, ami its formation is witlnmt any import.ince for the 
manufacluie of sulphuric acid, or even damaging to it. 

Raschig {/. ( 7 /t'ff/., 1910, pp. 2241 to 2250) points 

out that both juri.sch a;id Went/ki go back to the original 
theory of Clement and De.sormes pronounced in iS6('). Jurisch 
has made no exi)eriment.s whatever to support his views, and 
need not be answered. Wentzki adduces some new experiments, 
but he has misunder.stood their bearing. Both of them oviw'look 
the fact that already in 1 S 12 Davy had refuted the view f)f 
(dement and De.sormes by pointing out th^t their theory 
inevitably leads to the assumption that SO.^ and N(l, act upon 
each other also in the ab.sence of water, forming anltydrous 
and NO, which is notoriously t/of the ca.se, a fact again j)roved 
by numerous experiments made by Raschig. 'I'his cl^emi.st 
also c]Uotct a remarkable observation, communicated to him by 
Sauer.schnig as made in the practical working of ac<d chambers, 
viz., that the chaq^ber pr«)ccss is not (as might be *su}>posed on 
the strength of the law of the action of masses, Jitid would be 
absolutely demanded by the theories of Jurisch and of WentzkiJ 
rendered quicker and ifiore complete the more oxygen is present, 
but that the production of sulphuric acid in. the chambers 
increases with the increase of oxygeji only up to a certain optimum 
of the oxygfen perc^ittage, and decreases agin wheiv this 
optimum is cxcc^dcd^ This fact is absolutely irreconcilable with 
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Ihe theory of direct oxidation di SCX, brou‘ght about by the 
i^itrous gases as cati.lyse'rs ; it# imperatively demands the action 
of intermediate products, as assumed both by Raschig and by 
Lunge. Wentzki has committed quite a mass of errors, both in 
his pbservaV'oiis and in his argumentation on Raschig’s former 
\york, which the latter discusses in great detail, with the final 
verdict that his (Raschig’s) theory has victoriously come out in 
the struggle. Raschig further di.sprovcs the contention of 
Manchot {Z. aiif^ew. Chan., 1910, p. 2112), acebrding to which 
the “blue acid” is not nitrosisulphonic acid, but'is produced by- 
traces of iron in his materials. 

Herl (Z. (Vi^civ. Chan., 1910, pp. 2250 to 2253) also opposes 
Wentzki’s statements and opinions, especially his denial of the 
formation of nitrosisulphonic acid in the chambers and that 
I of nitrososulphuric acid. Concerning VVentzki’s denial of t»he 
action of intermediate product.s, and his assertion of the 
immediate reaction: S().,-b NO,=^SO..+ NO, Herl points out 
that not merely- the left side of this equation is wrong, 
since notoriously dry SO.^ and dry NO.^ do not act upon each 
other, but also the right side, for ajready in 1S39 Ro.se, and 
in 1.S56 Bfiihing, observed that SO.^ and NO act upon each 
other with formation of dinitroso-pyrosulphuric acid, 2SO.J, NoO.j, 
and Herl, together with Jurrissen, confirmed this and prepared 
that /icid in a pure state. Herl also points out that the chamber 
crystals, SO N H, according to the various ways of their forma- 
tion and their Reactions, can be formulated both as nitrosyl- 
sulphuric acid and as nitrosulphonic acid, and this is probably 
a ca.se cither*of i.someria or of tautomeria, 

Wentzki {ibid., 1911, j)p. 392 to 400) defends himself against 
Rasclng and Herl. lie denies the formula given by Raschig to 
the “ blue acid,” and the part attributed to it as intermediate 
link in the R-ad-charaber process ; the proofs given for this by 
Raschig and by- Herl are attributed to him ^to other reactions 
than tho.se taking place fn the chamber.s. He equally denies 
•the formation of Raschfg’s “ nitro.sosulphonic acid ” by Raschig’s' 
method or in the chambers, and upholds the view of the direct 
oxidation of ^0.^ by the Jiigher nitrogen oxides. Later on 
{ibhi., 1911, p^ 1468) he defends*himself against the imputation 
of aq error, made against hini in the pa<ier of Dfvers, to which 
we (low pa^s. 
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Divers (/. Soc. ///r?., 1911, p^j. 594 to 603) considers 

that Raschig’s nitroso- and njtrosisul])lK)nic* acid do not existf 
and that especially the latter is chemically impo^ibl^j. The 
intermediate substance must have the formula* HoNoSO,,, 
because it is the iiin both of 2lIfsO,+SO., and of 2NO + lh,SD,, 
that is, of the active substanc(is and of the final products, Jh^ 
intermediate substance he calls nitroxysulphuric acid ; it is 
sulphonated nitroxous acid, this being the name given b\' Dtvers 
to Thurn’s azoTiydroxvl or Angeli’s nitrohvdroxamic acid, 
HoNoO,i,,an acid half-way between hypnnitroiis and nitrous 
acids. Mis constitutional formuhe are: nitroxous acid, 

HONqNH ; nitrox)'sulphuious acid, IION^NSOJI ; nitrox)'- 

su^jhuric acid, HN^NSCI.H. An explanation can now be 

given of the long-recognised peculiarit\’ that the volume of 
atmospheric ox)'gen which must enter the lead-chamber is, 
roughl)’ measured, equal to tiiat of the SO., aiul, therefore, twice 
as much as has seemed chemically necessary. That e)p|;lanation 
rests upon Raschig’s observation of the atmospherir oxidation 
of nitric oxide. The immediate product has thcVbmposition 
N.,04, but for a short time differs from ordinary nitric peroxide 
in being nitrous peroxide, ON'O — OXO, which acts upon water 
as a nitrous compound, oxygen being liberated. Since, SO, 
needs as much nitrous acid as that derived from 2NO, and 2N(J 
combines with 0.^ as nitrous peroxide, the procct;s in the lead- 
chamber is expressed by the equations: — 

2X0 + 0.- ONO ONO 
2X..O, f >H,() 4HX0, + 0 , 

2liNO*, + SO.. il.N.SO, 2 ^ 0 ^ 11, SO,. 

These equations show all the oxygen as used up, temporarily 
by the nitric oxidc^yct only to produce tlic peroxic/e of nitrous 
acid ONO — ONO, Since, outside the chamber, nitfous acid so 
steadily unites with two moleclilcs of S(?o, it has been hitherto 
a difficulty to understand how in the chambers, where SO.^ is 
present in large excc.ss, nitroms acid, should thert; combine with 
so much Ies.s SO^. Divers thinks ^he reason of ijjis to be that 
the nitroxysulphuric *?fid, as fasttas it formed, •produces the 
chamber mist, c^nsi^ting of minute drops of .sulp*huric ^cid, 



1038 


THfe CHAMBER-PROCESS 

surrounded each by an atmospfiere of unniixed nitric oxide. 
'The NO, diffusing 'into the chamber atmosphere of SO., and 0 ., 
largely^dikted with nitrogen, is in excess of the SO.," and 0.! 
which it meets, until it has all become nitroxysulphuric acid 
which is ft.sclf unacted upon by the constituents of that 
\'’tirosphcre. 

Jn a lecture given in London in igii (J. Soc. Chem. Ind., 
191 1, pp. 166 to 172), Raschig upholds his former views (without 
entering in any way on his polemics with Lunge and.,Berl), and 
he gives the following equations for the reactions go-'pg on in 
' the chambers : — 

(1) 2NO+ M./) + () =2lIN()., 

(2) HxMO.,“+SO.,-ONSO,,”]i 

(3) 1 1 NO., -f ONSO.,] \ - NO + } {..NSO,, 

(4) H,NSO, :NO+H.H)„ ” 

IN summit : SO., + 0 -f MX) - T I.,SO^. ' 

He 7 iimf admits the non-formation of gaseous N., 0 .., and records 
his convlttion that the product of the oxidation of nitric oxide 
is nitrogen peroxide: N0 + 0 = N0^,. 

Reyiuilds and Taylor ( /. Soc, Chou, Ind,,, 1912, pp. 365 et seq^ 
show that Raschig’s explanation of the vitriol-chamber process 
by the interaction of nitrous and sulphurous acid with forma- 
tioiiiof the hypothetical intermediate products : nitrososulphonic 
and nitrosisulphonic acid, is founded on experimental errors. 
According toHhcm the only gaseous product of the action of 
Sp., on nitrous acid is nitrogen protoxide. The nitric oxide, 
found by Raschig in his experiments, had been formed by the 
presence of potassium iodide, used as an indicator. Chamber- 
crystals •can exist in solution in sulphuricaacid of 60 per cent, 
v&vhich fact refutes Raschig’s explanation qf Sabatier’s 'purple 
acid (Raschig’s nitrosisulphonic acid). These facts are equally 
incompatible with the modifirnfinne f^-ory proposed 

by Divers (iv//;*/)). 
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THE I'rKIl'ICATION OT Sl'l.l'lH' Kl(' Af ID 
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COMMEHriAL sulphuric acid, as it is produced in the cliambers, 
alwa)^ Contains a number of impurities, partly owin^ to the raw 
material, especially the pyrites, partly to the nitre, the water, 
the lead of the chambers, etc. Since this acid, if at all, is 
usually purified at the stage at which we have now arrived, viz., 
as chamber-acid, before being concentrated, we .shall now treat of^ 
tfiis subject, although in the gieal majority of works the chamber- ' 
acid is never purified, nor i.s there any occasion foi it. For the 
sake of completeness, we .‘^hall here describe akso the manufacture 
of pure distilled oil of vitriol, although this already p/esuppo.ses 
the concentration of acid on a large scale, to be ‘'•ubsequently 
described. • » • 

The impHritics of chanibcr-acid may consist of : — arsenic acid, 
arsenious acid, antimonic oxide, selenium, thallium, lead, zinc, 
iron, copper, mercur)’, calcium, aluminium, alkalies; further, 
sulphurous acid, nitric acid, nitrous acid, nitric oxide (in the 
presence of ferrous *sulphatc), fluorine, <frg^nic substances. 
According to Kuhlcmamg for instance (Wagner’.s Jahresher., 
1872, p. 253), the acid of two Harz works contai/ied together 
with each 100 g. SO,.: — 


• 


. 

K- 

Arsenic , . . ^ 

00088 

0-017*4 

Antimony f 

0.0394 


Copper .... 

0-0013 

• 

Iron . . . . j 

1 , 00081 • 

not c'.^timated 

Zinc .... 

00087 

,, 

Lead . . . 

trace 

0-0231 


Most of these substances ^cc^r in too sm^l a quantity 
in the acid to be injfirious, and they* are als^ \vithout any 
influence for mo.'it us^s o( sulphuric* acid ; ihe lead, for instance, 
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almost entirely precipitated on diluting tlie acid, the iron 
c^iring its concentration in the platinum still, in the shape of 
pink crys^falsj^of anhydrous ferric sulphate. But there are cases 
where thesd imp'urities may cause trouble. Thus, according to 
^ Deujecom (/ 7 /r;;/. Zeit., 1892, p. 574), a minute quantity of 
penury \m\V^s sulphuric acid less suitable for pickling brass 
objects. Zitric acid causes wool to be stained yellow in the 
“carbonising” process. Platuiiim renders the acid unsuitable 
for electrical storage-batteries. Iron sometime.s causes a pink 
colour, which is removed by a little nitric acid, sometinj/s*) even 
by the action of atmospheric air. [This looks as if the pink 
colour in such cases was not caused by iron, but by selenium.] 
Sorel {Fabrication, p. 414) states tlnat sek-ninm is prejudicial 
to the acid reipiired for parting gold and silver. Drinkwater 
^{Analyst, viii. p. 63) holds the same view with respect of the 
purification of mineral oils. This is confirmed by 1 '. Schultz 
{Clicni. Zeit., 1911, p. 1109). He found that refined, white 
petroleum when agitated with concentrated sulphuric acid 
containing* SeO., turns yellow, all the more so the more acid 
is employed. In this way as little as, 0-005 per cent. ScO.j can 
be found in sulphuric acid, by shaking it up with petroleum, 
which thereby turns black ; but nitric or nitrous acid causes this 
reaction even more intensely. Benzol or benzin (0-730 sp. gr.) do 
not .show it ; in the case of petroleum probably an oxidising 
action takes place. 

The only t\v^ impurities which cause much trouble for many 
applications -of sulphuric acid are and nitrogen aetds — the 

former from' a sanitary point of view,’ the latter owing to the 
action of the nitrogen acids on the [ilatinum stills ; and most 
methods of purification therefore aim at the removal of these 
swbstance.s. Selcniinn likewise causes trouble in many cases, 
and we must treat of-it as well. 

, Methods of Purification. 

Apart from the caso’. where impurities are at least partially 
removed from sul[)huric acid in the manqfacturing process itself, 
e.g. the constituents of flue-dust by the Glover tower, the iron, the 

* \Vc need only point to the “beer-scarc” of 1900, censequent upon the 
mischief done by drinking beer biV-wed with add^ion of glycose which had 
been (ireparqd l?y means of sulphuric acid \y?th an extraordinarily high 
percentage of arsenic, sqme of which remainfid in, the glucose. 
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crusts Ibrminj^ m iho stills, etc., special piirifyintj 

prcx:esses are soaietimcs einj)^()yecl eilht'r’bc-tausc suine iinpuritv 
{e.g\ arsenic) occurs in an unusually large quantity, or elst^ because 
very pure acid is rccjuired for special purposes. Different methods 
must be employed for different cases, but the mo^^ imporpmt 
of these refer to the removal of arsenic anti io that of the 
nitrogen compounds. If acid is treatetl for the removal of 
arsenic b)' H.^S, nearly all the other impurities are rcim)vcd 
at the same timtr. 

Fre^^ently Sulphuric acid is nuiddy. very slight tjuantity 
of lead sulphate and es})ecially of selenium may cause this, nor 
is the muddiness always removed by dust chambers. The 
removal of the mud is more easily effected, down to a residue of 
about three milligrams per litre, l)y making the acid slowly 
traverse several chambers, if possible in a zigzag direction. At 
Griesheim the acid is practicall)’ clarified by means of a small 
tower filled with pebbles, but not fed with any liquid, and 
interposed between the burners and the (jlovers ; the dirty acid 
condensing here shows about S5 'I'w. ( oar.ser sedid matters 

may be removed b)- sancbfilters, but these frequent iv do not 
effect a clarification of sulphuric acid from .seleniuiVi or other 
very finely divided substances. This is such a frequent case 
that many buyers do not object to the turbid appearance of the 
acid, which in reality does not interfere with its use in the j|reat 
majority of cases, . Good filters for turbid sulphuric acid, capable 
of making it thoroughly limpid in every ci\^, are not yet 
known. 


7 /i(' Puriili'ciiion of SiilpJutric Actd fi oni Arscnn'. 

Arsenic is found,rarely, and never in more than insignificant 
traces, in a<fid which has been made from brimstone : most of 
the latter material, indeed, is used where arid free from arsenic 
is wanted. Blend^ akso ^lontains next to no arsenic {supra ^ 
p. 1 10). On the other hand, most descriptions of pyf ites contain 
arsenic, as appears from the nnaly.ses (Quoted in Chapter II.,' 
and the acid obtained from pyrites is therefore arsenical, but in 
very different degrees, according to the percentar^e of arsenic in 
the pyrites and tt) the mode of i«ianufacture. ^ 

The percentage of arsenic in pyjites is^itated ve 5 ^' differently ; 
whilst most analyses ^of* the ordinary ores^only show “ tr^ices ’’ 
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\ip to fraction^ of I per cent, H/ A. Smith asserts that he has 
fiound much larget quantities in the ores most commonly 
employ9d, \iz., in Westphalian pyrites i-SycS, in Belgian pyrites 
0*943, Spanish 1*651, in Portuguese 1*745, hi Norwegian 
1*649 hi 1*708 per cent, of arseiiious acid. These analyses are 
(Jecidecjly suspicious since their Results differ so much from all 
others. Nor can we accept his estimations of arsenic in the 
various products of the alkali manufacture, derived from the 
original arsenic in the pyrites, his results being extraordinarily 
high (details in our first edition, p. 462). 

“ Stahl {Z. (VigriV. CJicul, 1893, p. 54), in working Spanish 
pyrites, found in the acid of the first chamber o*i6 per cent. 
As^O.^, in the second o*oi per cent., in the third 0 007 per cent, 
and in the last chamber only a trace. When working purer 
pyrites from Virginia or New England, the acid of the first 
chamber contained 0*005 per cent As._> 0 .,, the second nothing, 
the average 0*002 per cent, all calculated on acid of G(y Be. 

Briiuning {Preuss. Z. Jicrg-, etc., JVcsiv/, 1877, p. 142) states 
that the ‘chamber-acid made at Oker contains on an average 
0*05 per cent, arsenic (and ooOcS per cent antimony). At. 
Freiberg, in 1880, according to direct information, the chamber 
acid contained generally 0*02 per cent., but sometimes up to 
0*14 per cent, arsenic. Later on we shall .see how it stood there 
in 1902. 

lljelt ccxxvi. p. 174) found in Westphalian 

pyrites only 0*^30, in Norwegian only traces, in Spanish pyrites 
op an averfpe 0-91 percent of A.s. Of the latter there remained 
in the cinaers 0*19 per cent, in the saltcake none; in the 
Jiydrochloric acid : (^?) pan acid of 38" Tw., 0066 per cent; (d) 
drief acM of 32° Tw., 0014 per cent This proves that the 
AsCl.j mostly volatilises in the pan. So far as the sulphuric 
acid is concerned, Ihjelt found, with the same Spanish pyrites, 
containing 0*91 per cent of As, for each roi;'' parts of H^SO^, in 
the ' 

' Chamber-acid . . 0*202 As, of which 0*040 as AS;iOr,. 

Glovcr-tower acid , . 0*331 < „ 0*041 „ 

Gay-Lussac-tower acid . 0*341 „ 0*132 „ 

♦ Acid of the \ast chamber ’. . 0*019 

4 

The higher proportion of^the Glover, .'tower acid conies from 
the arsenic contained in the gas; the iherease of arsenic acid in 
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the Gay-Lussac tower is, of course, caused by' the oxidisin|| 
action of the nitrous vitriol. I » • 

I am informed by Mr U. E. Davis (hat, in i^'02,,his acid 
from Rio Tinto jjyrites, as it went to the saltcake ^lepartment 
135" Tw. strouL^, contained on ^in average 4-83 A« per Httc, 
Hehner (/. .Set. C/icni. P- (88) states the averui^e 

of As.,0.^ in ordinary, unpurified pxrites acid- 02 per cent. 

“ Purified” acid ought not to contain mure than i part As^O,, in 
200,000 of acid, "according to the same authority. 

Ac^^rding to G. E. Davis {Chcni. A'tViu, xxxvii. p. 155), in 
the Glover tower all arsenic acid is reduced to arsenious acid by 
the burner-gas, and in the (ia^-Lus.sac tower all is again 
converted into arsenic acid. 'I his as.sertioii is not in accordance 
with the analyses of Hjelt just (pioted, nor with my own analyses, 
imwhich I always found both decrees of oxidation of arsenic at 
the .same time. 

1 ^'ilhol and Lacassin found in three sainplcs of “pure” 
commercial sul[)l\uric acid, per kilogram i -2870 g. ; 0*5091 
g. ; traces of As.X,)^ (Wagner’s Jahirslu'r,^ 1862^ p. 212) 
P'urther estimations of j^rsenic in commercial sul^fiiuric acid 
according to Schnedermann, Kerl, lolhol, etc., will be mentioned 
later on ; those of Kuhlemann have already been given, p. 1039 
Of course, even with the same raw material, the arsenic ir 
the sulphuric acid will vary, according to whether the ga.-f-pipc 
leading from the burners to the chambers offers more/)r lesj 
opportunity for dcpositing.arsenical fiue-du.st. 'In .i)resence ol 
a Glover tower the chamber-acid contains rathcryess arsenic 
because a large portion of it is deposited at the bottom of tin 
tower in the shape of mud, but the acid from the tower itse! 
may occasionally contain all the more arsenic. 

At thc*P'reiberg smelting-works, where mixed ores contain 
ing from 2 to 2*5 per cent, of As arc employed, a 1 )out 97 pei 
cent, of the arsenk^ is cofidensed in^thc large^aiul well-coolec 
tlust-chambers, described' pp. 547 et jvv/., so that the^cid contains 
mostly only 0 02 per cent, of 'As, only exceptionally up to 0*14 ^ 
per cent., whilst formerly it amounted to 0-25 or nven 0*5 per 
cent. . • ^ 

The acid made from the \*^ry,pure ])yrite.s Jpund in sorne 
localities in fhe United States (pp. 83 f/ set].) is, 'of ^course, free 
ffom arsenic. 



1044 THE'^fURIFICATION OF SULPHURIC ACID 

t t 

^ On the detection and estimation of arsenic in sulphuric acid, 
af. stipra^ pp. 368 anfd 377. 

htjuifum^ Action of the Arsenic contained in Sulphuric Acid.— 
In most cdscs where sulphuric acid is employed a small per- 
centage of arsenic is of no consequence— for instance, in super- 
phosph^Lte, or in sulphate of soda to be used for alkali- or 
, glass-making. Probably sulphuric acid, when employed for 
thes^’ operations, is never subjected to a purifying process. In 
the latter case certainly most of the arsenic passes over into 
the hydrochloric acid and can be traced there. W.hen the 
hydrochloric acid is used for generating chlorine, the arsenic 
does no harm ; for although it probably passes over, at any rate 
parti}', into the chloride of lime, it will only occur in this as the 
insoluble and innocuous calcium arseniatc. Much more harm*is 
« caused by arsenic in the sulphuric or hydrochloric acid which*is 
employed in the food-industries, for instance in the manufacture 
of starch-sugar, of tartaric acid, in the fermentation of molasses, 
for pressed )'east, for washing the regenerated char of sugar- 
works, etcT A. VV. Hofmann has reported a poisoning-case in 
which bread was contaminated with arsenic by the use of 
arsenical hydrochloric acid together with soda to make the dough 
rise. It is unnecessary to speak of medicinal uses, since for them 
crude sulphuric or hydrochloric acid is never supposed to be 
employed. 

Put even for some purely technical uses arsenic in sulphuric 
(or hydrochlorib) acid is not allowable— on the one hand, for 
the prepara^on of certain colours, for tinning iron (sheet-iron 
cleaned with arsenical sulphuric acid is here and there covered 
\vith spots of reduced arsenic, which will not take the tin coating 
— secj Goj^sage in llofnianns Report by the^Juries^ 1862, p. 12). 
According to h'alding ( /. Soc, Chem. Imi, 1906, p. 403) about 
1 50,000 tons of acid 60" Pc. are used in the United States for the 
pickling of iron previous to galvanising or timing, and this add 
must contairl less than 0002 per cent, of arsenic. No more i^ 

* Ursenic allowable in acid used ‘for the manufacture of pre- 
parations which serve for food or medicine, and into which a 
portion of the arsenic might pass over. To these belong, 
tartaric, citrine, phosphoric , aerds, glucose, milk of sulphur, ‘ 
sulphide of as^itiinony, 'etc. Kven in Doebereiher’s lighting- 
machines arsenical ^cid must be avoided, since the arseni- 
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urettecl hydrogen cveflved •in them would st»on spoil th? 
platinum * It has alscjbeey obserVdnhat ammonium suW 

phate made from ammoniacal gas-liquor by incan^ oi^^^trongly 
arsenical sulphuric acid turns yellow, no doubt* in c^msequcnce 
of the formation of sulphide ^of arsL-nic. It is immtioncd in 
our third volume, iiF describiijg Deacon’s chlorine jiroc^ss^that 
arsenical sulphuric acid here seems to do great harm also. 

Methods (J rnrifiuitiou from . //-.v. /z/c.- -In some cases, ttiere. 
fore, it is of im[Jbrtance for the producers of strongly arsenical 
acid to ifiake il more saleable; and a number i>f methods of 
purification have been proposed with this object. None of them 
seems to produce an acid alxsolutely free from arsenic, but thc\- do 
so sufficiently for all practical purj.)ose.s. Kloxam (J'harni. J. 
[2], iii. p. 606), by employing his electrol)’tical mctjiod for the 
diyovery of arsenic, found that all samples sold as “chemically 
pure" contained traces of it, and that acid absolute!)’ free from 
arsenic cannot be obtained in any other way^than from pure 
sulphur dioxide and nitric oxide in glass apparatus at a low 
temperature, avoiding all cork or india-rubber ; thcg.ta;s them- 
selves must be evolved col^l or at a ver\‘ moderate heat. 

Campbell Brown, as well as Towers ( /. Soi\ ( //cw. Kpq, 
p. 22 r), reports that sulphuric acid dissolves arsenic even out of 
the glass bottles in which it is stored. 

Partial Deposition of the /Irsenie in the Mafin/actid ini^-pritd’s.s 
itself — Hardwick ( /. Liiem. hid, iqo.g j). 218) rcpj>ri.s a 
very curious case of the injqr)' caused In burniif^ pyrites with 
an unusually high percentage of arsenic (17 per cei^.). Ivvejy 
part of the plant showed the presence of ar.senions oxide or 
acid. I'he acid from the Glover tower dcj)osited large fpian- 
tities of AsoO^ in the^shoot.s, connecting-pij^es, acid-eggs, •cist(;rn.s, 
and, worst of all, in the Gay-Lussac tower where thc‘«coke was 
ultimately so much choked up with it that '.he w(jrk.s*had to be 
stopped. After ma^iy fruitless attempLi to remedy tins nuisance, 
the most effectual method .for loo.sening the deposits ( 5 f arseniou.s 
oxide was found to be the application of steam. To prevent 
the renewed formation •of such deposits, it is not sufficient to 
allow the Glover tower acid to cool j^nd clarify by settling out 
the mud. Better*results were ob4ain^d by heating ji'ic acid with 
strong nitric aad whiclVjxidiscs tijc As.^(^.; to A.s.,S.,, the latter 
being soluble in strong 'sulphuric acid, '^his treatment Vas 
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tarried out irf special tanks, pro/ided with 'a steam-coil for 
keating and a wat6Y-doIl for, cool’iig, where the Glover-tower 
acid, aftpr firevious settling out of all the mud removable in 
such manner, was heated up to 82' C. ; the theoretically necessary 
quantity ofj nitric acid for oxidising the As^Og to AS2O5 (as 
^Jiovyn ,‘by an estimation of the^ As^Og by means of iodine 
solution) was added, with good agitation, and the liquor cooled 
down with occasional agitation. In that way it became possible 
to work that highly arsenical ore without any .stoppages of the 
plant, at a cost of about id. per ton of acid for stekm, apart 
•from that of the nitric acid. 

The Graflich von Landsberg Chemischc Fabrik, etc. (Fr. P. 
432874), oxidises the As^Og in the gases to the non-volatile 
AsgOg, which is removed by washing the gases with acid before 
they enter the chambers. First the dust is removed by filtrat,»,on 
through vertical chambers with sloping bottoms, filled with 
granular material which can be withdrawn below and re- 
plenished from above ; the gases then pass through one or more 
Glover towers and then through washing- towers to the chambers, 
the acid running from the washing-towers being sent finally to 
the first Glover tower. 

Methods for Reuioviftg all or nearly all the Arsenic. 

•The following methods have been employed for the separa- 
tion of arsenic from sulphuric acid: — 

(i) Distillhtion of the sulphuric acid (Bussy and Buignet, 
J}iny;L polyt /., clxii. p. 454) is said to effect this purpose, even 
more completely than precipitation by sulphuretted hydrogen, 
provided that the ar.senic is all present as arsenic acid^ which 
reiqains' entirely behind in the residue; if, however, arsenious 
'flcid be present, it is carried over with the sulphuric acid. 
Since the Sulphuric -acid of commerce mostly contains arsenious 
acid, it should be treated with nitric acid ]n order to convert 
all the arsenic into arsenic acid ; then the acid must be mixed 
with a little ammonium sulphate (in order to destroy the 
nitrous acid) and distilled. In this casethe arsenic is asserted to 
be removed .more completely than by sulphuretted hydrogen 
or barium sylphide; at the same time the dilution of the acid, 
necessary inHhe latter case, js avoided^ But the distillatiort of 
sulphuric acid is ai]L operation somewhat difficult on the large 
• ^cale, and 15 not applicable for the purification of chamber-acid. 
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According t8 Bloitdlot ^{Cowptt's rend., Ivin. p. 76), th(# 
imployment of ailimonium kulpljatc fs •objectionable, because 
)y an excess of it arsenic acift is again reduced. He therefore 
■ecommends heating the acid with peroxide 1 4 ' ma»igancse or 
)Otassium permanganate. Hussy and Huignet d(;ny that^ an 
jxcess of ammonium sulphate reduces arsenic acid {^omptes 
Iviii. p. 981). Maxwell Lyte {L imn. ix. p. *1/^) 

iays the statement of Hussy and lUiignct, tliat arsenic doca nut 
jistil over unleA present as arsenious acid, is correct; but ii^ 
Drder to Obtain* from the first a product Completely free from 
nitrogen* compounds, he destru\s the latter l)\ adding to the 
sulphuric acid { to \ per cent, of oxalic acid, heating in ? 
porcelain dish to 1 10 with continuous stirring, cooling duwi 
to, 100 C., and adding potassium bichromate in the state o 
pc^wder or as a solution in sulphuric acid, till the green colon 
has been changed to greenish yellow and the presc'hce of frei 
chromic acid is thus indicated. All the arsenic is nov 

converted into arsenic acid ; and on distiihftion a perfectl; 
pure acid is at (.nice obtained. Permanganate >‘f [)otasl 

performs the same service^ but is more expensive. 

The process of Mcn/.ies, which will be de.scribefl hi the nex 
chapter, is asserted to be at the same time a process fo 
removing the arsenic in the shape of arseniate of iron, but i 
does so only very imperfectly, as we shall see. , 

(2} Removal of the . Useni'e by Crystallisation of the Sulphun 
Morance {Comptes rend., cxlviii. p. 84^) makes use of th 
fact, e.stablished by Lunge, that sulphuric acid of 65 '-5 ^t 
65"-8 Be. cry.stallises at -20 in a pure state. He Concentrate 
the acid taken from the Glover tower to about 63 Bt 
and allows it to jtand at a temperature from - 
for twenty^-four hours, when about half of the acij will nav 
crystallised out. The crystals arc decanied and c'cntrifugec 
The following tabje sho\^s the decrease of the iifipurities b 
this process: — 



• 

CrjHials. 

; Mother Liquor. 

Ash •. 

• • 

0*281 

i 0-529 

Iron and 
Arsenft 

aluminiryn . 

. • 

• 

— 1 jf 

. ••oay 

^ 0-033 • 

’ .«L. 

i O-l^ 

! 0-3*8 

* 

•T — ''r"'; 
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t This showfi that anyhow ther(f, is 4 \o coifipktc removal of 
arsenic effected by^ this* process. 

(3) Removal of the Arsenic Trichloride. — The trichloride 
boils at ‘125.** C. ] it is therefore completely volatilised on heating, 
long before the sulphuric acid has begun to boil : this process 
can be psecl without diluting the^ latter (which is in some cases a 
g\eiit advantage against the removal of the arsenic as sulphide). 
With this object Otto and Lowe proposed heating the acid with 
common salt {DingL polyt. cxxxii. p, 205) ; ^iraeger, heating 
with barium chloride, because the action in thi.s case Ms not so 
mpid {ibid., civ. p. 236); Buchner (in i(S45) recorhmended 
conducting a current of hydrochloric-acid gas into boiling 
sulphuric acid, and expelling the hydrochloric acid by heating 
in the open air. Bussy and Buignet have proved that in tjiis 
way acid free from arsenic cannot be obtained ; but Buchj^er 
{Chem. Centr., 1864, p. 600) asserts that this is due to the 
presence of arsenic acid, and that an acid entirely free from 
arsenic is obtained by first reducing the arsenic acid contained 
in the sulphuric acid by heating it with charcoal, when the 
sulphur dioxide evolved causes the reduction ; this can also be 
done when introducing the current of hydrochloric-acid gas. If 
Buchner’s statement is correct, the troublesome operation of 
distilling the acid is unnecessary. Schwarz {W^gx'icxs jahresber., 
i86j, p. 232) heats the acid for some time with 1 per cent, of 
common salt and [ per cent, of charcoal dust under a chimney 
with i good (fraught — which comes to the .same thing, and 
appears to be more convenient; but on carrying it out on a 
large scale l^reat difficulties arise from the fact that the process 
does not work with dilute acid, and that after the introduction 
'of common salt into concentrated acid the glass retorts often 
crack. According to Tod (Liebig’s Jnhrcsber., i856,rp. 292) if a 
current of bICl is intpduccd, heating to 130' to 140° is sufficient, 
while if common salt be employed the acid must be heated to 
1 80" to 190^ C.,M’n order tb expel the arsenic'trichloride. 

, Selmi {Terl. Ter., 1C80, p. 206^ dilutes the acid with half its 
volume of water, adds .some lead chlogde, and distils off the 
first portion, in which all As is contained as AsCly. Hager 
{Cshem. Zeit. )\ep., 1888, p. 23^) repeats the- same proposal, 
adding that t^e employment of chloroform, pro{X)sed as useful 
in tljis operation, may lead^t(( dangeroKs explosions. The acid 
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ifter being decanted from lead sulphate, is to be submittal 
:o fractional distillation. 

In 1905 quite a number of patents was taken oTu b)- the 
United Alkali Company, together with several of tli^*ir chemists, 
for the removal of arsenic from sulphuric acid in 4he shaye of 
irsenious chloride, and the treittment of the latter sulxsF.uu'c for 
:ommercial use (H. Ps. 2916,7916, i6929;^6()3(). 16931, 177S7, 
17886; Amer. Ps. 846288, 863940). The acid is subjectcti in a 
iuitably packect tower to the action of dr\' lu'drogen chlorirfe 
^as, a^ J*temp^rature of about 100 , [rrefefably as it leave.s the 
Glover tower. Arsenious acid may be obtained from th: 
chloride by alkalies or carbonates of various metals. P. P. 5151 
of 1906, of Raschen, W'areing, Shores, and the United Alkali 
Company prescribes reducing .irsenic comjxrunds to the 
aiipenious state by charcoal. Iheir H. P. 23130 of 190O states 
that this is a slow process, and the reaction soon ceases owing to 
selenium dep<'siting on the charcoal. 'Phey now overcome this 
difficulty by subjecting the sulphuric acid to the combined 
action of HCl, and either sulphur or charcoal at loo- • r below. 
If there is still some (Reposition of selenium, this may be 
removed by washing with hydrochloric acid and an oxidising 
agent, as a hypochlorite or a chlorate. I'he use sulphur in 
connection with HCl is only possible in tlu; ab.sence of selenium ; 
if such is present, charcoal -f HCl must be resorted to. • 
Their Fr. P. 363947 prc.9cribes mixing the ar.seriious chloride, 
obtained in the above described manner, with just sufficient 
water to precipitate the selenium, which is fdtered off ; a larger 
quantity of water is then added to. precipitate tl^e arsenious 
oxide. 

Raschen, Imisgu, and the United Alkali Company 
(B. P. 30196 of 1909) add to the sulphuric acid li^/drochloric 
acid in sufficient quantity to convert the arsenic iirto chloride, 
viz., 3 mols. HCl t^ each 4noleculc of AsCl.., or 5 ffiol. HCl to 
each molecule of AsClj,, plus an excess for \vor 1 <ing losses, and 
maintain such conditions thait the Cl*corresponding to the 
pentavalent As escape^fas gas, whikst the AsCk reipains in the 
sulphuric acid and is removed by blqwing with aij;. ^ 

Crowther, 1 [..^ch, and Giddein (IR. P. 20509 of yj^ 7 ) remove 
arsenic and selenium’tby mixing^ cold «ulphuric*acjd of 140' 
down to 135'" Tw.^witl] a*little hydr«chlori<^ acid (30 to 3? per 
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cLvided sylphur, whereby the A.sClJ is reduced to AsCl,, which is 

then removed by blowing a current of air through the liquid. The 

process may e vvorked continuously by passing the mixture of 

rcErrerf of acid do wn a tower packed with sulphur, 

a qur, <-^ 01 air being blown through, or SO, may be employed 

hvcSf ' T’ "'‘■'^fare of sulphurk Ind 

Jyclrochloric acid to a stream of air containing a small quantity 

n bO.,. I he air carrying the AsQ, and IlCf L, first passed 
hvd r^M into strong 

hydrochloric acid and precipitated As„0.|. ^ 

The y^crcin Chemischer Kabrikcn, Mannhein ( 15 . P. i6gto 

mearof^'V’ takes out the ansenious chlorides by 

means of hydrocarbons, glycerides, etc., in which it is .solubfe 
specially mineral oils arc .suitable for this, but not easily 
decomposable ali[)liatic glycerides ^ 

The Chcmisciie Fabrik Grieshdin-Hlektron (15. J'. 973 and 

So2°/-' 15'^! ’ p"'' ' 95578 ; Au.str. Ps. 32449 and 

' 9739 ' and 198423,; Fr. P. 37O934 ; Ital. Ps. 

chloride"' "“'Phu''ic acid into 

chlornle or fluoride and remove it by treating with benrol or 

ben^M r'or c‘'''h hydrocarbons, such as dichliro- 

bmiA.nc, or carbon tetrachloride, or acetylene tetrachloride 

vZ T 'tT separated by washing with 

ter. For distance, sulphuric acid of 66° Be containing 

06 i>er cent, hydrochloric acid 
10 ner . f K quantity of fluohydric acid ; 

the jcid for a few minutes; it is then removed and carries all 
tne arsenic along. When saturated with arsenic, ?( is treatS 
with twice 'Its weig^it of water which takes out th arsenic 
This treatment.is applied.at Grieshchn to take out the arsenS 
, rom Glovdr-tower acjd, upon which great claims are made 

oveJ'ZBltui r' “ only applicable to adids 

acid 1 Th^s r " '■"T''’ 

S J- t “^cording ,to their B. P. 

3435 of by adding, aparP from hydrochl'oric acid a little 

J HJ , the latter reouces any. As/),, to As., 0 „ and the 
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iodine formed acts as befo|c, so that by mcai’s of very littic 
iodine up to 8o |jer cent, of the arsenic can be removed froni 
chamber-acid. 

(4) Removal of Arsenic as a Soap—\A)x electycaf storage- 
batteries, sulphuric acid sliould be as free froni arsenic as 
possible. Arsonv?.! endeavours to attain this by^ pouring 
4 or 5 c.c. of colza oil on to a litre of sulphuric acid, which 
is to form glycerine-sulphuric acid, and to prcci|)itatc the 
arsenic, lead, eta, in the form of soaps [?]. Gtjthard prescribes 
the samft addition ; the mixture is to be fihaken up, allowed, to 
stand*ior twelve hours, poured into water, and, after cooling, 
the sticky mud must be skimme^d off the purified acid {Client. 
Zeit, 1892, p. 163). 

(5) Precipitation of the Arseni as This method, 

formerly the only one carried out on a manufacturing scales 
possesses the advantage that, apart from the arsenic, several 
other impurities are precipitated (such as lead, antimoii)’, 
selenium), and others are destroyed (such as sulphurous, nitrous, 
and nitric acids). Under all ( ircumstances the precipitat -on must 
take place at a moderate concentration of the acid ; too highly 
concentrated sulphuric acid is decompo.sed by .sulphuretted 
hydrogen with separation of sul|)hur, according to the 
equation 

3U,S + SO,n, 4H.Of.1S; 

the acid must therefore be in the state of ciiamber-acid, or, 
better, not above 106" Tw. When tlu! arsenic is present as 
arsenic acid, it is much more .‘^lowly precipitated than when 
present as arsenious acid. 

The simplest w^ay might be thought to consist in {generating 
the sulphifrctted hydrogen within the liquid it.sclf ; i^nd we .sh^ll 
first consider the methods and proposals piadc for this [lurposc. 

{(X) Precipitation by ^Parinm Sulphide. Wopo^ed by 
*Dupasquier in 1845, this proce.ss wa.? carried Aut practically at 
Xhessy {Hofmanns Report b)i the Juries, 1S62, p. 12), and i 4 
appears to have been used at most of the French works whore the 
acid is purified at all. In this case barium sulphate and sulphur- 
etted hydrogen^are formed, the^latter being in the nascent state 
and therefore*acting ^gry energetically this pro^ss, has, more- 
over, the great advantage of leavN'r^ nothing soluble behind in 
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tke acid. It hAs been objected thfit th6 barium sulphide must 
pure and must contaii^ no thiojlilphatc, since otherwise the 
well-knov^^n decomposition between and SOo with separation 
of sulphur t(*kcs place; this, however, is unfounded, because the 
, barium thio^^ulphate likewise p|^,ecipitates the arsenic in the 
sfate ofv.sulphide (see below), and only an excess of it (which 
^ ou|[ht to be avoided in any case) would occasion the above- 
men tknned reaction. JIarium sulphide, according to H. F. Stahl, 
i§ most convehiently applied as follows : — The ‘acid is diluted 
to. 76'’ or 82' Tw., ht?ated to .So C., and a solution ol^l^arium 
Stulphide of 12" Tw. is run in at the bottom of the vessel in such 
a manner that no IL^S escapes. The As.^S.^ is filtered off on a 
sand-bed, placed on a Layer of quartz lumps, and thus the 
arsenic is reduced to 001 per cent. As. But as the acid on 
'Standing in the filter again takes up a little arsenic, it is treated 
with gaseous H.^S, and is thus reduced to 0 005 per cent. As, 
which result cannot be attained cither with BaS alone or with 
H.,S, but only by'the successive application of each. 

(/>) of iron may be employed in cases where the 

iron does no harm— for instance, for acid required in the 
tinning and galvanising of iron, etc. Its application, however, 
is very limited. 

(c) Sulphide of sodium is capable of much wider application, 
iltho^igh it, too, introduces a foreign substance (sodium sulphate) 
into the acid ; this, however, is innocuous for most uses of the 
acid. It can ei»;ily be made by reducing sodium sulphate with 
co^l ; and it must be .added to the acid to be purified until no 
further predpitation takes place. The filtration of the pre- 
cipitate will be described later on. 

(r/) Crude calcium sulphide (alkali-waste) qan be used exactly 
itt the same w.iy as sodium sulphide, and with ' the same 
drawback of introducing some fixed impurities, since part of the 
CaSO., remains in solution. „ ^ 

(c) Thoixsoif (Ger. 1 \' 62 I 5 of 1884) employs ammonium^ 
sulphide for precipitatihg arsenic and antimony, and at the" 
same ‘time destroying the nitrous compounds in chamber acid. 
He then filters^ over finely djvided lead, and concentrates in the 
usUal manner. 

(/) Sodiuh and baidum ihiosulphatest'^'ct very* much recom- 
mended ; fhe latter^^ is mqr^ expensive, but leaves nothing 
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soluble in the add. The ^ following is the reaction whiclt 
occurs : — 

AsT),+ 3S/),Na. - As,S, + 

According to W. Tliorn {Difigt polyt. ccxvii^p. 495), the 
sodium thiosulphate is actua^^v used in some works. C'j^mLcr- 
acid of 106' Tw. is heated to 70 to 80' C., and the necessary 
quantity of the reagent, either in solution (U' as powder, iv well 
stirred ug withTt? The arsenic sulphide is separated in Hakes* 
which iqon gatfier into lumps and sink (l<Twn to the bottomjOf 
the tank ; the clear acid is drawn off; and fresh quantities are 
purified in the same tank, until at last there is too much 
precipitate collected at the bottom, when it is removed and 
washed. The operation is very simple ; and if an excess of the 
reagent is avoided, very little sulphur dioxide is evolved. , In a 
particular instance, the average percentage of •rsenic in chamber- 
acid of 106' Tw., before purification, amounted to 0098 j)er 
cent., after purification to (>cx)4 per cent, llie purified acid 
contains from 0 03 to 004 per cent, sodium sul{)hat.‘f, hich is 
harmless for most purposes. 

In some cases the presence of sodium sulphate iif the acid is 
objected to, especially when the strongest acid is to be obtained. 
It is therefore preferable to employ barium thiosulphate, which 
is easily obtained by mixing moderately concentrated solutions 
of sodium thiosulphate and barium chloride ; most of the barium 
thiosulphate is precipitated in a crystallfne* form and is 
separated from the worthless mother liquor on a vacuum-filter. 
The acid to be purified is heated to about 80 C.fand is well 
agitated (which can be rncist readily done by a stream of air), 
the requisite (quantity of barium thiosulphate is thrown in, and 
the tempefature is kept at 80 to 100 till all th(j arsenic j,s 
precipitated. The reaction is 

As.?f\ + 3B5SA:)., - 3Ba.ST),^ 

so that nothing soluble is left in the liqufd. The mixed mud of* 
arsenious sulphide anTl barium sulphate settles ^down • very 
rapidly ; it is separated from the acid by decantation or filtration 
and washed in order to removoi m^st of the acid^ Where file 
barium sulphate is of*some value, it fe easily Vecovered by 
boiling the mud lyith^flk of lime, when tl^ arsenic fs dissolved, 
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&nd can be reprecipitated from thb solution for sale as “yellow 
arsenical glass,” wWlsf tbe residue of barium sulphate can be 
submitted tp the usual treatment for the manufacture of barium 
chloride. This ‘process is actually carried out on a considerable 
scale, but ^t is not quite so ^cheap as’ the treatment with 
sulphuretted hydrogen, and doe,s not see^n adapted to acids 
containing a large quantity of arsenic. 

Precipitation by Gaseous Hydrogen Su/pkide.-^\m process 
appears first m a patent by W. Hunt (No. 1919^ of 1853) and is 
that which is most usually employed on a large scale. ^ , 

« The older, now obsolete, processes used at Oker and 
Freiberg are described and illustrated in our first edition, 
pp. 469 to 473 : cf. also Knocke, Dingl. polyt. /., cliv. p. 185 ; 
Wagner's 1859, p. 145. We here give only the resuits 

of Schnedermann’s analyses of the acid before and after 
purification : — 

(a) Impure acid contained in 10,000 parts— 


Mp. j<r. Arscnioua acid. Lead sulphate. 

m> 832 . . . n-86 374 

i<837 . . . 1309 2-85 

C’836 . . . i4-ii 5'2i 

(/?) After purification, in 10,000 parts — 

SO, 7749*10 

H.O 224374 

PbSO, (with traces of C11SO4) . . 172 

and K.,SO, . .. . 1.35 

CaSO., 0.58 

f'e^^O, 2-91 

As.p, . . . . . 0-31 

..... 0*49 


The acid was perfectly free from nitrogen compounds. Sub- 
sequently, accord ingio Kerl, acid has been obtained containing 
no more tha^n 315 As.^O.^ and Sb.^, I^ogethej* and 11-28 PbSOi 
in 100,000 ji'art. 4 . 

' According to official information obtained by me from the 
Freiberg Mining Office, the original percentage of arsenic in the 
ores burnt there averages 2 to 2-5 per cent. As. Ninety-seven 
peV cent, of this arsenic is condepsed as flue-dust, and about 3 per 
cent, gets into^the chamber acid, which before purification usually 
contains 0-02, exceptionally jli() to 0 08 per cent, As (1902). It is 



FROM ARSENIC 


1055 


employed in this state in f ic Gay-Lussac tower or for 
manufacture of sUpcr}jho.s(>hatc. , AiroHict acid is purified, 
described below, and then contains only o ooc):! per cetit. As.j0.v 

The precipitating-proccss used more recently at fhc Freiberg 
and many other works is deicribed at great length by Bode 
{Dingl. /, ccxiii. p. 25 ; .Wagner’s 259;^ ; 

the fbllowing is an abstract of this, together with srnno notes I 
have obtained from Freiberg and taken from actual practice in 
other places.' 

\, J^oteratum of Sulphuretted llydrofcu. this purptis.^ 

a matte is smelted, consisting principally of ferrous sulphide, 
FeS, in which at the same time the silver contained in the crude 
ore is concentrated to the amount of one-third of the original 
weight. The work was formerly done in a blast-furnace {ej. our 
sSiCond edition, p. 643). Now the ferrous sulphide i,s made in a? 
reverberatory furnace, wlierc per twenty-four hours three or four 
batches of the f -llowing composition are charged : 28 cwt. pyrites 
(lumps), 8 cwt. old lead slags containing 30 per cent, silica, and 
3 cwt. limestone. The consumption of coal is about 4 o>ns (of 
good quality), the yicld^of matte (essentially FeS) is on an 
average 2 \ tons per day. 

The matte is broken up into pieces about the size of a fist, 
and put into the sulphuretted-hydrogen generators; these 
receive 4 to 5 tons at a time, which lasts eight to ten weeks. .Then 
weak sulphuric acid of 55^ to 77 ' Tw. is added, such as is obtained 
in washing the arsenic sulp.hide ; later on, the atid may go down 
to 32'' Tw, Each apparatus daily receives 5 cwt. acid of 32 Jw. 
From 5 tons of matte 7} tons of crystallised sulphcfte of iron are 
obtained, the manufacture of which from the weak lyes takc^ 
place in the usual manner. The generators are reprtisenjed in 
Figs. 351 to 359 (pp. 1056 and 1057). They arc wociden tankstA 
and B, made of 3i-in. planks lined with lead and connected by 
a lead tube a. the tarj< A (5 ft.^6J in. .square and 5 ft. 2 
in. deep) is charged with matte after lifting off fhc cover, or 
through the manhole b ; an india-rubbifr washer is then put iiT, 
and the cover is tightened by thirty .screw-bolts. . The held is 

* According tq official information oWtained by me the apparatu%and 
processes described in the text wer^stilkat work in 189^ and they would 
appear to have also beecPin use in 19^2 ; but •a different* process, hitherto 
kept secret, is followed ^t Aussig. 
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Kig. 357- 



Fig. 358. 359* 


solution of fewous sulfate forced over •by the [pressure of the 
gas in the washin^-apgafetus (Fig#. js-S and^ssp) and fhe regulat- 
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\ng-valves, jus*! as is the case vl^ith the ordinary laboratory 
apparatus. The tank lA'is very strongly bound with iron, which 
IS coated* with lead all over. Steam-pipes, e, prevent the ferrous 
sulphatd fr^rln crystallising; / serves for running the liquor off. 
On the bottom of A radially [placed fire-bricks form a grate 
^Fig, 3^^), upon which a lead sieve (Fig. 552) is laid ; and the 
mtitt^ lies upon the latter. The lateral manholes h permit 
raking out the residue containing silver. For each 5 tons of 
thamber-acid'on an average U cwt. of matte Consumed. 

^ 2, PnTipiiatiov of the Arsenic ~l\iQc\\2Lm\iQX-?LC\d oT^ipb^Tw. 
is treated with ll^S without dilution or heating. The apparatus 
easily purifies 15 tons of acid daily by a single treatment. It is 
represented in l^lgs. 360 to 366 (p. 1059). It consists of a square 
tower of 5 ft. 4 in, x 5 ft. 65 in. section, and 16 ft. 3 in. 
« available height, which is constructed in the well-known manijjer 
with a wooden framework and lead sides of 10 lb. to the square 
foot. The sulphuretted hydrogen enters at the bottom ; the air 
carried along wPth it and the .steam escape at the top. The 
tower is fiilled with 24 tiers of A-shaped inverted lead gutters, 
5^ in. high and as wide at the ba.se^ made of lO-lb. lead; the 
lower edge^ of the’ gutters have indentations of a tolerably small 
pattern (Fig. 366). Owing to this, the acid cannot run down in 
jets, but only in single drops, which, in falling upon the next 
low(^r gutter, squirt about and pre.sent a large surface to the gas. 
In each tier there are nine gutters, so arranged that the passage 
between each two' of them corresponds to the upper edge of the 
gutter in the next lower tier. They arc 3 ft. 3 in. long, and laid 
loosely on haded ledges on each side, with i in. hold on the 
latter; their vertical distance is 7 in.; the'distance between the 
’tiers, therefore, U in. The acid runs in at cover / through 
r;ine*lead (:^pes with funnels and regulating-cocks ju«t over each 
of the lead gutters ; there is a hydraulic lute and an oscillating 
bucket, the •details of which are sho^vn in ^igs. 365 and 366. 
The lead gi*ttert should n^t be burnt fast in the tower, as lumps 
of arsenic sulphide odeasionally, get jammed between them. 
The.se can sometimes be melted and removed by letting in 
steam. 

•The strength of 106^ Tw., as^jndicated by Bode, is rather top 
high forspee&y and complete dearsenicailon ; it h preferable to 
take. the adid only 100'’ Tw.^strong. The process is hastened by 
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employing a slight.pressure iji the pfecipitating-tower. This H 
easily done by not allowing |he g^as to*e?cape from the top of 




the tower dir,cctly into a chimScy^but ^)assing iti^hiough a fev 
inches of water, or, pr^erably, milk of lime, which retains an; 
H.S not absorbed in*the#tower. * 
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Of course constant tests mustS be rt\ade to ensure complete 
purification in this iowe^. Fpr ordinary purposes it is sufficient 
to empl{Sy a simplified Marsh test as follows Put some of the 
acid info i 4-Oz. bottle, closed with a cork, provided with 
an outlet-pipe drawn out to a point. A piece of pure zinc is 
propped in, the cork is inserted, the gas issuing is lighted (with 

ordinary precautions against an explosion' by premature 
lighting if the gas contains air) and the fiame is directed on a 
^lab of porcelain, where no spot of As should be' produced. For 
mpre accurate obserViitions the methods mentioned .w/;v>,p)p. 368 
ft seq.y should be employed. If a batch of acid is not found free 
from arsenic by the above test, it must be pumped up and treated 
once more. This test should be repeated by the laboratory 
chemi.st before passing a batch as purified, and in cases of any 
importance the acid should be tested a third time before bei®g 
sent out. The above simple Marsh test, or the ordinary Marsh- 
Berzelius test (heating the gas in a tube, where metallic arsenic 
is deposited), doCs not detect the minutest traces of arsenic ; but 
it may be taken that any acid in vv'hich these tests do not 
indicate any arsenic is “ practically ” free from arsenic and can 
be used foi^ all purposes, like acid made from brimstone.’ 

3. The fiitemio; and ivashing of the arsenioiis sulphide is a 
somewhat troublesome operation. At Freiberg, for this purpose 
a vacuum-filter is used, which is shown in Figs. 367 to 369 
(p. 1061). A is the vacuum-retort, B the filtering- and washing- 
vessel. The fo«m‘er is a small, .second-hand steam-boiler of I ft. 
10 in. diameter and 5 ft. 7 in. length. Steam is conveyed into 
it through fjif-from a boiler ; through b the air goes away along 
with the condensed water ; and the cock there is only shut 
when steam has passed through for several,, minutes. Then 
tgid ‘aftcrwf.rds a, are shut, and the boiler is allowed* to cool for 
some time in order tp condense the steam. Then the cock c is 
opened, which connects the vacuum*rftort ai'yj the space below 
the filteringidaybr in the *box B. This box has already been 
< ‘ This is universally doifc, even for tlie purpose of manufacturing articles 

of hun\an consumption, in France, Germany, and most other countries, where 
no brimstone \Vhatever has been used in the manufacture of sulphuric acid i 
for jnany years p.fst. No incoinvnicnce seems ever to have been caused by 
this practice in jFese countries ; «?)ut tihee the “Jjeer-scarc ” of 1900 many 
people in En^lartd demand that no acid should 15c allowed ^0 be used in the 
manufacture of articles of food, eKf, except that njade from brimstone. 



FROM»;VKSENtC 


10(11 


fiUed with the acid to he filtered, whose level is'ahvays kept at 
the same height, --lest anj' 'cracks be fprmcd in the exposed 
layer of arsenic sulphide, tArougli which air would anter and 
destroy the vacuum. By several times shutting % opening a 





Kig. 307. 



Fig. 3 ( 18 , 


and driving out the air by sfcam, and tooling down the boilci' 
^ A, a vacuum of from i© to i2h Ib. may be obtained. [Pr(i>ably 
"less steam and labour would be expended if an air-pump were 
used.] The'satne vacuum-rey)rt^[or air-pump] may wtrk 
several filters, -^vhich c^\ be filled, washoil, etc., atVvill, .since the 
cock c permits isojatiiig tvery onc^o/ them.,^ 
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I The filters B are made of 2-in| planks, strengthened at the 

IjDttom at Fig. 369, flirted with lead, 4 ft. 4 in. x 5 ft. 7 in. 
section aftd i ft. 10 in. high. A double pavement of acid-proof 
fire-bricl^s keave^ a gutter, communicating with the burnt-on 
pipe /. This ends in an intermtudiate vessel C, whose cover is 
grovidod with connecting-tubes fpr the pressure-gauge 0, and 
tht vacuum retort A, at r; mn takes the acid to'the receiving- 
tank D ; but the pipe mu must be longer than the height of a 
fcolumn of water forced up by the atmospheVib pressure, lest 
thp acid should run 6ver into r. Over tlic fire-bricks^ jp B is 
placed a layer u of broken-up quartz (Fig. 369)*~pieces the size 
of a walnut at the bottom, and of finer grain higher up; over 
this there is a finely perforated sheet of lead, and on the top a 
layer of powdered arsenic sulphide ; the whole filtering-stratiwn 
rises 1 1 J in. above the bottom of the vessel. Where the aqid 
runs in, a piece of lead is placed so as to keep the top layer 
from being damaged. Every two or three weeks the layers n 
and m and the perforated lead plate must be taken out, and the 
quartz pic/:es as well as the arsenic sulphide must be rinsed in 
water. The whole plant retjuires several pressure-apparatus 
(acid-eggs)' and a good air-pump. 

At Oker the work is done very much as at Freiberg 
(Brauning, Prenss. Z., etc., 1S77, p. 142); but at the former 
plac^ only that portion of the acid is purified which is not sold 
to lary|e consumers, especially for superphosphate making. It 
is there thought ‘best to dilute the acid to 97" to 100'^ Tw. 
{cf. p. 1058) and to assist the generation of sulphuretted hydrogen 
by injecting steam at the beginning. 

An English patent of M'Kechnic and Gentles (No. 3229 of 
25th August 1877) contains essentially the .same process as is 
practised at k'reibcrg and Oker. 

Mr G. K*. Davis informed me (1902) that at his works, the 
following process is used for dealing ydth the^arsenious sulphide 
obtained in»purffying O.V, The mud is warmed up to the melt- 
•ing point of naphthalene, paraffin, etc., and a little of these 
substances is added and the mixture well stirred. Afterwards 
this naphthaleye may be distilled off by steam ; if paraffin is used, 
thiV; may be separated by t^eat^nenl with ammonium sulphide, 
or in various other ways, 

Riley and Barnqs (B. B.' 25444 of T901) .recover arseniou$ 
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acid from the arsenious sulphide by heating it to about 160' ^.'. 
with nearly its own weight of strong* s«lp!iuric acid for soijc 
hours. The floating scum oT sulphur is removed anfl washed, 
and the acid liquor is concentrated to olAain** crj'stallised 
arsenious acid. • , 

Falding {Min. •Ind.^ viii.^ p. 583) describes the Afnericcyi 
practice, where lead-lined boxes are |)laccd in front* of a , 
Freiberg tower, as shown in Figs. 360 to 366 (p. 1059).* The 
HoS gas is for(!?td through the acid in these boxers by means (?f 
a perfpAted pipe on the bottom, and just sufficient acid is jun 
down tTie tower to prevent the escape of any of the gas. Tl;e 
pipes are connected in such a manner with the boxes that the 
gas can be made to pass through any one of the boxes first, 
ajid that any box can be disconnected from the series. The box 
cut out is allowed to rest for a da)’ or two, and ^he As.^S.j i.^ 
settled out so completely that three-quarters or more of the 
supernatant acid can be decanted without any further treatment. 
The remaining sludge of As.^S.; and acid i.^f filtered through 
broken quartz of graduated sizes in leaden boxes. •[Tl.is plan 
requires pumping 1 1 _.S agjainst pressure, instead of pumping the 
acid ; the former is probably more expensive thail the latter. 
But the collecting and filtering of the As,S;j is undoubtedly less 
troublesome than in the Freiberg tower.] 

Leroy W. M‘Cay {Chcni, hid., 1889, p. 371) proposes facili- 
tating the precipitation of 'arsenic by 1 I.,S by conducting the 
operation at 100 under pressure and wifh tagit^tion. The 
application of pressure for this purpose is also recommended in 
Cheni. Trade J., 1905, xxxvi. p. 135. • 

Kupffer.schlagcr {hail. Soe. Chiai., xliv. p. 353) dilutes the 
acid with its own volume of water, treats with SO^ iit order to 
reduce any arsenic or nitric acid to arsenious or citrous acv:l, 
and then passes H.^S through, which cau.sj s all As^ Pb, and Se 
to be precipitatq^i. Thi^ proposal he repeats, Vithout any 
change whatever, in Monit. Scient., 1S89, p. iqfq. » 

A special filter for the ^iulphide Bf arsenic, as built by » 
Mackenzie and M‘Lauchlan, is described in Cheiu. Trade J.^ 1908, 
xlii. p. 67; another, manufactured by S. Bornejt 8: f'ompany, 
of Cologne, m Ghem. Zeit., 1909, p.^i 19. " 

Sometimes explosions take place duiing the tfeatment with 
hydrogen sulphide. ^Tlie 4U/ Kkport of J he Alkali Inspectors 
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(g. 19) says tfiat at certain stages an* ex()losive mixture is 
fi^rmed, and not a few^ctidents to workmen and to plant have 
occurred ^rom this cause. This exj!)losive character of the gases 
is rendei^ed <S^or^ by the fact that free hydrogen is given off in 
the generators from metallic iron contained in the ferrous 
sulphide employed. Moreover, if either that substance or the 
sul^hbric acid used in the generator contains arsenic, arseni- 
uretted hydrogen will be evolved, about the extremely poisonous 
Character of w^hich it is unnecessary to speak. ‘ " 

^ We will now desciibe the process of purifying the ^^phuric 
acid from arsenic by means of H2S, as practised quite recently 
at one of the very best conducted Continental factories. The 
chamber acid of 53'’Be. = sp. gr. 1-58 is heated up by steam to 
60’, by which process it loses in strength. It is now drawn 
iout of the store-tank by an injector, and in this itself it me^s 
with H.^S, generated as follows : A solution of sodium sulphide 
on the one side, and sulphuric acid on the other side are 
aspirated and p\ojected by an injector into a glass flask of 
merely 5 J. capacity, where, on meeting, they instantly give 
off H2S. The evolution of this gas stops at the same moment 
when the injector is stopped, so that there are never any large 
quantities of H2S to deal with. In the injector itself the HgS 
acts upon the acid to be purified, and this comes out, with all 
the arsenic suspended as AsoSg, up to a mere trace. The 
purification is purposely not driven beyond 0*005 cent, 
arsenic, becausq, sulphuric acid, entirely free from arsenic, acts 
too strongly on the lead of the concentrating-pans (see p. 1066). 
The removal of the precipitated AsgS^ from the clear acid is no 
easy task. It can be done most efficiently by pouring a little 
fused paraffin into the muddy acid, stirring jjp by means of an 
ajr-b‘last. JThe paraffin forms with the AsgSj lurtips of the 
consistency pf butter, floating on the surface of the acid and 
easily ladled off ; only an extreme\v slighj, trace of paraffin 
rests behind The lumps* of paraffin 4- AsgSg are treated with a 
solution of sodium sulp^iide ; the paraffin floats on the top, and 
can always be used over again. The solution of sodium 
sulpharsenite is decomposed by sulphuric acid, and the AsjSj is 
nov easily filtered off. It^ is ^washed, dried,' arid heated to 
150^ which c^ses it to frit together; iij’this stafte it goes out 
for sale. 
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In the Chcm, Tnufc iJ)o6, xxxviii. pp. 87 io 88, there 
description of the dearsenication of 6ulf)huric acid, with^a 
drawing, which practically* agrees with the preceding. We 
here note merely that the acid is dearseniciftedVit ^ 10 Tw., 
and 90 per cent, of it is recf^vered at 108 Iw., ^bout 10 peri 
cent, at 50' to 60 Tw., by r(;ason of the water used in^^vashing 
the precipitate. It must not be allowed to get belofv or^ 

say 105 Tw., as then the iron would be attacked. Qn the 
other hand, ab/bve 1 12 1 w. it is difficult to prccijiltate the whofc 
of *thj %rseni?. The sulphide of arsenic* after washing, ip a 
fairly 3ry state contains : — 


Arsenious sulphide, . 

. 4302 

51-20 

Free sulphur 

• ly-oj 

6-00 

Anlimonious sulphide 

Ml 

1-40 

Lead sulphide 

. 076 

0-38 

Bismuth sulphide . 

‘>35 

• 0-20 

Copper sulphide 

0^9 

0-22 

Ferrous sulphide 

1-87 

6-02 

Calcium sulphate . 

0^90 

0- 1 3 

Sulphuric acid 

14-20 

1 3-00 

Organic substances, insolubles 

2-01 

^ 6-00 

Water, etc. , . . • 

1 806 

[ 5-00 

• 

l00-0(j 



It is very poisonous and should not be pul on the waste heap. 
The small quantity produced at each works sometimes causes 

a difficulty in utilising it. • 

According to the same ^urce, p. 90, a sample of ordinary 
commercial sulphuric acid of 140 1 w'. was foutui to contain . 


Arsenious oxide, AsgO.; 

Arsenic oxide, AsoO.-, 
Hydrochloric acid, H Cl 
Nitrous trompounds, N2OJ. 

* Ferrous sulphate . ^ 

Aluminium sulphate, A!.. (SO,). 
Pb, Zn, Cu, Sb, Bi, Se 


Or«ni per litre. 
. 3^8 

2-56 
0 08 ^ 
0-52 

0 * 5 ^ 
0-^6 
. traces 

t 


In the same Journal, 1908, xlii. V- 60, it is stated that the 
above^described dearsenicating plant is»manufactured by Davie. 
Brothers, 66 Deansgate, Manchester, that it hasyeen greeted 
in many works in England, and^ has been recently further 
improved. 

The evolution of Siilphuretted hydrogen, whereVio such matte 
(FeS) as made at^Freibftrg is obtainable, ca^i be prodfleed cheaply 
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with soda-waste, where an alkalif works is near. Hartmann 

(Qer. P. 9275) produces 'this gas by passing pyrites-kiln gas 

through a** cupola furnace filled with red-hot coke. When the 

temperature® has** fallen, the current of SO.^ is interrupted and 

I air is blown wito the coke till the heat rises again. Or else the 

iippure‘'SOo is mixed with the vppours of hydrocarbons and 

t passed through a red-hot retort. 

At'an American works 1 found H..S prepared for the above 
o\)ject from dflute sulphuric acid and sodium* Sulphide manu- 
facfurcd for this purpbse. ' ^ ^ 

. Whitehead and Gclstharpe (B. P. 18940 of 1894) obtain 
for this purpose by treating liquid from partially oxidised vat- 
waste with IICl. The mixture thus evolved, containing 
SO.j [!] and atmospheric air, is said to act better than puce 
'air. [This nrocc-ss is not patentable. The employment of vaj- 
waste for this purpo.se has been expressly mentioned in this 
connection in my treatise which appeared in 1891 {cf, p. 1066); 
nor is the partial bxidation patentable, since vat-waste, such as 
would be available, always has been, and always will be, partially 
oxidised ; nor is it c.ssential whether the waste itself, or the 
yellow liqudr draining from it, is employed. The assertion that 
SO., occurs in these gases at the same time as ITS is of course 
wrong, since it is not the question of mere traces. The 
appaptus described by the inventors presents no specially 
remarkable feature.s.] 

A very ^urio^is^observation has Ipeen communicated to me 
from a thoroughl}’ trustworthy side, and it is confirmed by the 
description given, supra, p. 1064. If the treatment with gaseous 
hydrogen sulphide is continued to the point that the last trace 
of arseHic*is pyt'cipitatcd\\\\ which case much/ree U.^S must be 
piesent], t/ie acid cannot be boiled down in lead pahs without 
risk of destroying them. Sometimes, not always, this takes 
place when the concentration rcacl^s sp. ^r. 1-63. First a 
white crust foFmed at flie line where the acid and the air 
' fheet ; this eats furthd* down arjd suddenly the pan falls to 
povvdtr. If after noticing the first signs the pan is emptied, 
washed out, an^ used as a weak ” pan, this will do ; but when 
used as a “ strong pan ” tl^e construction goes on even with 
ordinary acid^ [This behaviour reminds one of the sudden 
conversion of metallif tin intb a grey f>owdej which is some- 
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times observed. Wlicrc jKcssIer ovens arc employed /or 
concentrating the <lcarscnicatcd^acid,*i/A('fiaptcr IX., the ab(^ve 
inconvenience will not be felt.] • 

The cost of treating a ton of acid for the i^'mA’al*of arsenic 
may be taken at about 5s.* if the ferrous sulpbidc, etc, has# 
to be bought and Hie b\’-prc^lucts arc not utilised. It* may j^e 
considerably • reduced by making ferrous sulphide^ as* above/ 
described, or employing some other cheap source of IK.S. and 
by utilising the •ferrous sulphate formed in the *process ; and*if 
the a/^enious sulphide can be sold to Ttdvantage, there yiay 
be even a slight profit in the [)uri lying ojieration. , 

Notoriously much of the acid sold in lilngland as “ brimstone 
acid” is not made from brimstone, but from spent gas-o.xide or 
from pyrites, and is mcrel\’ dearsenieated in the latter case by^ 
gulphurctted hydrogen as described above. Of^ course {h\% 
treatment also removes all nitre^gen compounds, lead, senenium, 
copper, etc, so that this acid, ifpropcrl)’ purified, is really purer 
than real brimstone acid, except, of cours^, as regards iron. 
The acid coloured brown b\- the previous ])rocesse^ (especially 
where the Gay-Lu.ssac ^^)wer has been packed with somewhat 
soft coke) is rendered much lighter in colour by tlie precipita- 
tion of the arsenious sulphide. 

I'^unfication vf the Sulphuric Acid from Xitrogcu 
Oxides. 

Already, when treating of the purificatioh si;lphuric acid 
from arsenic, it has beem stated that mostly by the same opera- 
tion the nitrogen compounds are removed, and this is always 
the case when sulphuretted hydrogen is employed for th^t 
purpose. In mo^t works, however, no such purification^ from 
arsenic taT<es place; and for most uses of the vitrfrjil the snrmll ' 
proportion of nitrogen compounds which it ccxitains is so 
unimportant that^their removal is not called for. * In all cases, 
however, where sulphuric acid has to be conccnfratel^ in platinum 
apparatus, it must be purifie4 as much fts possible from nitrogdi* 
acids, since othcrwi.Sh the platinum, as will subsequently be 
described, w^uld be much more strgngly acted i^pon. 

I, Purifiaxtton hr Sulphur Pio.i^’de. — Paycn ^as propo.s^d a 
contrivance for this f)bjcct. This is •a cover •over the first 
boiling-down pat^, prpvVled with 'partitioiv which force the gas 
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to%travcl twice backwards and forvj^ards/and below which the 
sulphurous kiln-gas 'cijpciflates^ Some manufacturers, instead 
of this, us6 pans arched over. This apparatus, however, fulfils 
its purpos'e ^ry Inefficiently, because the contact between the 
'.acid and tha sulphur dioxide is ‘very incomplete. The latter 
oljject c^n be attained perfectly ip all works where a Glover 
'.tow&r IS employed ; in this the acid can be fully d6nitrated and, 
moreover, a small quantity of sulphur dioxide can be dissolved, 
in which case, as Schcurcr-Kestner has shown (5500 Chapter IX.), 
it acts least upon pfiitinum ; but, unfortunately, the "l^/over- 
tcuver acid, owing to its large percentage of iron, cannot well 
be used for concentration in platinum stills. 

At some works a small preliminary chamber (tambour) is 
provided in which there are bottom partitions open at opposite 
finds, so that the acid entering from the next (large) chamber 
has to travel a circuitous route long before it arrives at the 
place where it is drawn off for use. This is done with the 
object of cornpletfily taking the nitre out of the chamber-acid 
and making'it sulphurous, the fresh burner-gas acting upon this 
acid with full force. Such acid is then^employed for concentra- 
tion in platinum stills. The object of completely removing the 
nitre (and together with it the selenium) is still better attained 
by blowing kiln-gases by means of an injector right through 
the a<S4d in a finely divided stream, and allowing the deposit to 
settle dgwn by running the acid in circuitous channels. 

2. Treati,ncnt^<nth briiustonc has been proposed by Barruel. 
It i^ used in the shape of flowers of sulphur, which sometimes, 
according to^ Schwarzenberg, is put into boxes of stoneware 
placed in the first pan, in which the temperature does not rise 
to thq merting-point of sulphur, and in which* the acid contains 
“ msst water. • Special care must be taken that no sulphur gets 
into the following paiis, because strong hot sulphuric acid is 
decomposed by sulphur with the formation of |S02, and for each 
part of S 6 f parts of SO^H., are lost. According to Bode 
^{^lovcrthiinii^ p. 3) thfis processes not efficient; while the 
brimstone is .^till in the state of powder it^ action is very slight, 
although the lead is already .being acted upon by ^he nitrogen 
acid! Later ^n, with the rise f)f temperature; the brimstone 
melts and riserf in small* drops to the surface of 'the hot acid, 
whendfe it mostly esca\)cs into^he air as s 
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3. Treatment xvith Organic Substana's. — Oxaiic acid ha5 been 
proposed by Lowe’ Sugar fias been suggested by VVackcnrodcr. 
Skey recommends agitatioA with charcoal, but only^or clilifte 
acid {Chem. News, xiv. p. 217). Olivier uses a lit^e alcohol in 
the lead pans {Rapports du international, 1867, vii. p. 35). 

4, Ammonium ^Ipliate has been proposed for this object by 
Pelouze {Antk Chim, Phys., Ixvii. p. 52), and has beeivjircn'ed ^o 
be the best of all reagents. By this reagent the nitrogcyi acids* 
can be so completely removed that the vitriol is* tinted red by 
the fir^ drop*of a solution of potassium permanganate. In this 
case nitrogen escapes, according to the following equations 

N.,03 + 2NH,-- 3il.O ^ 4N, 

2S0,NH + 2 NH 3 - 2 S(),,H . H- 211, X) 4 iS, 
3N0..4-4NH3- 6If..()4- 7N, 

. 3 N 0 H“ 4 - 5 NH.,- : 9H./) + 8N. 

This substance is now universally employed for acid to be 
concentrated in platinum stills. Under norjnal conditions o- 1 
to 0*5 lb. of ammonium sulphate suffices for purifying 100 lb. 
of vitriol. * 

It appears as if th« addition of ammonia wa^s sometimes 
carried to a ridiculous excess ; for Gintl (Wagner’s Jahresber., 
1880, p. 259) found, in so-called “chemically pure” sulphuric 
acid, 5 per cent, of NH3. 

Pattinson (/. Soc. Chem, bid., 1889, p. 706) recommeiHs the 
treatment with am'monium sulphate for^thc sulphuric acid 
employed for generating ’carbonic acid in tht manufacture of 
aerated beverages, as an extremely small quantity of nitrous 
acid (0*026 per cent, of N^O.,) causes the beverage* to be turbid, 
and destroys the pungency of the ginger c.ssence, etc. • 

Lunge and Aixinius {Z. angew. Chem., 1894, p. (X39) showed 
that nitrous acid {i.e. nitrososulphuric acid) is Very quidkly 
destroyed by boiling with a proportion Of ammohium sulphate 
of I NHjto I a^d nitr( 5 gen; even^vith sulpjiunc acid of 140" 
Tw. this takes place in five minutes. But nitric cHid is far more 
stable ; it requires half an hour’s boiling with its equivalent o1 
ammonium sulphate, in the case of the strongesUsulphutic acid, 
for its desWucUon, and many^houni’ boiling wilph a large excess 
of ammonium*sulphate in the*ca^ of acid of Tw. Hence 
any contam'ination ^th nitric acid ifiust be Artfully poided 
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if the sulphuric 'acid is to be conccntratcG^ in platinum vessels, 

siilbe some HNO^ will get into the platinum still in spite of all 
pif cautioijs ; but nitrous acid fs easily removed at every stage 
by ammofiiugfi sujphate. 

Seleninui. 

' \Va hsve {supr(\, p. 55) alrea'dy mentioned < selenium as 
xquently occurring in sulphur and pyrites, and hence getting into 
tke acid-chambers. Its presence in the flue-dust and thechamber- 
mud are well known ; *in commercial sulphuric acid it h^ been 
fouifd, e.^. by Davis (/. Soc. Chcm. Ind., 1883, p. 157) and Lunge 
{CJieui. lud., 1883, p. 128). We shall now go into some detail 
about it, in which we arc greatly aided by a paper of Littmann’s 
in Z. angeivdCheui.^ 1906, pp. 1039 et scq. and 1081 et scq. , 
^ Selenium may cause a temporary or a permanent discolora- 
tion of sulplfuric acid and may also cause other trouble. As 
is well known, Sc is by nitric acid oxidised only as far as 
SeO^, and its solutions are reduced by SO.^ to metallic Se. 
But in the chambers frequently ScO.^ is found where free Se 
might be expected, and vice versd Free selenium exists in 
several allotfopic modifications, of wlifch here the ?rd one is 
of greatest interest, as this is formed in the reduction of SeOg 
by SOo at a moderate heat ; it then appears as a brick-red powder, 
or if present in large quantities, as a voluminous jelly. At 
tempefatures above So' or 90" it passes over into the metal-like 
hlack-grey modification, apart from a very slight proportion of 
brown colour', whfch remains in solution. We also know it in 
the K'olloidal state, and as a mcfi solution in concentrated 
sulphuric acid. 

‘ Selenic^acid, ILjSc^O^, is only formed by the strongest 
oxidiskig agents, and is not present in the chambers under 
normal circumstances; Winteler’s assumption to the contrary 
{Chem. Zeit., 1905, No. 96) is erroneous. 

The seleni^um present in*the pyrites *at first,*of course, burns 
tg^SeO.,, but the enormous excess of sulphur dioxide must 
reduce this to free Se. Yet Littnlann always found in the 
Glover ?ower, btisides free Se, also SeO., in varying quantities. 
The free seleniu\n here appears partly as a dark fed sludge, 
partly dissolved <n the Glover !lcidt to whicljdt imparts a blood- 
red colour, and from which niost of it precipitates with a light 
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rca colour on cooling. • Most? of the sclcniuin, however, accord- 
ing to Littmann, ‘exists in tlie Gloves aci 4 as ScO., owing to 
the presence of small ([uantities*of nitrous compoiir^ils whifli 
escape the denitrating action of the tower.. 'l^iis*ScO„ is 
reduced to free Sc already by^liliition of the acid, and imparts 
a red colour to it. .When employing such red Glover acki yn 
the Gay-Lussac tower, the colour is discharged, all tlK’five^Se 
being converted into SeO., by the nitrous compounds. The 
Glover tower reWiins at best 20 per cent, of sirUnium ; So pef 
cent. or%pwaitls get into the chambers, aiid is found there first 
in the fed state of free Se, farther on again as ScO„ The fed 
colour of chamber acid, owing to the presence of free Se, 
appears in cases where there is too little “ nitre " in the chamber, 
apd thus gets into the chamber sludge. 'I'he bacl< chambers 
contain only SeO^„ no free Se, except in cases of extraordinary# 
cfeficiency of nitre. During the concentration of rlfambcr-acid, 
which contains both .ScO.. and free Sc, the .selenium can be 
partly removed by reducing SeO., by an addition of charcoal, 
but unless it is mechanically removed (which is n(^easy task), 
it enters again into solution, and imparts at first a colour 
to the acid, owing to the formation of the compoimd ScSO., ; 
when exceeding a concentration of 96- 5 per cent. M:,SO„ the 
green colour vanishes, .SeO.^ being reformed. It is hard to .say 
whether the Sc cau.ses more damage in the green acid, or in 
the more highly concentrated colourless acid, from which it is 
at once precipitated by dilution. The .soh<ion of the Se in 
form of the green compound begins at 65 and is finished 
at about 140'’ ; on further heating in the concentratirj^-apparatus, 
this compound is again destroyed by oxidation, beginning at 
210” and completely at 260 to 280 , and such acid contains onij 
colourless •SeO., . The acid distilling over contain^s no 3 c jr 
the first and in the last .stage of the concentration^ but it doe,' 
so in the middle stage. Littmann attributes a portion of th( 
damage done to flic platmum apparatus in tke co^irse of time 
to the selenium dissolved in the acid. #Concentratcd sulphury 
acid loses its dissolving-powcf for Se when it is cautiou.s^ anc 
with constant cooling diluted to 84 5 per cent. F!^,SO^; hence 
the hydrate Hot) formythe Imiit. * • 

Littmann Jraws (i^e following concljjsions j Under the 
ordinary conditioj^s ruHng in the^ambe];s, all modificatioms 01 
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selenium are oxidised to SeO^, both wherever there is a forma- 
tibn of nitrososulphwric acid, and wherever thfe latter is princi- 
pklly deoomposed by hydrolysis ; an excess of SO^, if present, 
has no influence. (2) Most of the Se carried on with the 
chamber gases must be in the sta,te of an intermediary, unstable 
compound, probably SeO, which is easily reduced to Se or 
oxidised »to SeO.,, according to whether the surrounding gas 
' contai;is an excess of SO.,, or else of nitrogen oxides. This 
eompound, if combined with SO., or SO.^, is more' stable and can 
exist for some time in chamber acid, free from SO^NN, under 
certain conditions of concentration and temperature.' This 
SeO has never been prepared in a pure state, but it would 
explain the presence of selenium in the chamber gases and in 
many place's where neither Se nor SeO.2 can be expected to 
icxist Selenium exists in the chamber acid also in the shape 
of sulphondted compounds, which have been studied by a 
number of chemists, but without leading to quite certain 
formula, Littma-nn discusses this matter at length, also the 
conditions for increasing the production of selenium in the 
chambers, if demand should arise for it, c.g, working with as 
little nitre tas possible. The seleniunif obtained in the Glover 
or chamber sludge is advantageously prepared in the following 
way.^ The sludge is agitated with concentrated sulphuric acid 
and as much sodium nitrate as corresponds to the selenium it 
contains ; water is gradually added, then steam is injected 
until the acid goes^down to sp. gr. 1-26, and the nitrogen oxides 
still present' are clriven out by a current of air. To the filtrate 
and washings a little MCI or NaCI is added, and the Se is 
precipitated by a current of SO.^ in the shape of a red jelly, which 
ik washed, with water and dried at 105'; it contains about 99 
• p^r cfcnt real Se. '• 

Littmann further discusses at length the analytical methods 
for Se. Fon proving its presence by qualitative analysis he 
dilutes the /ulphuric acidj adds a grain of kj, and dissolves 
I the J secreted by Na.,S.20.j; this leaves the Se behind as a red 
powder, which after a short time'* passes* over into the yellow 
sulphur comp’bund. Any N0O3 or AsgOa present do not inter- 
fererwith this reaction. For qu^qtitativef estinvatidhs he treats 

‘ In Z. ange^, Chem,^ 1O06, p. 1329, Deuisch "declares that the process 
described in the text was ^ot \\orl^efi out by Littmann, ^ut by himself. 
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tte raw material repeatedlj' in the water-bath with strong; 
nitric acid, blows A current of air through^li^ hot dilute solution, 
in order to remove the lowtr nifrogen oxides, and titrates tfie 
solution at a moderate heat with decinormal potasiVmiPperman- 
ganate, retitrating the excess of this by dccinormaj oxalic acid. 
This oxidises the SeO.^ quantitatively to SeO.,. This mtftjjod 
is quite corrett and very quickly carried out. In the^ presence 
of tellurium this is found together with the selenium. • 

As already*stated in our former editions, tltt most u.sua(? 
proce^^for destroying the red colour ofiBulphiiric acid, if due 
to selenium, is the addition of a little nitric acid, of which, how- 
ever, any excess is objectionable for many purposes. Therefore 
Le Roy {Monit. Scicfit., 1901, p. 406) prefers to add, at a 
temperature of 50" or 60", a sulphuric-acid solution of potas- 
^um or sodiuqj permanganate, of which at most 10 g. \n 
required for a ton of acid. The pink colour raiTscd by the 
excess of permanganate is removed by oxalic acid. 

F. Schultz (67/c///. Z<7/., 1911, p. 1129) states that petroleum 
refined with sulphuric acid containing 0-5 per cent.^f .selenium 
has a decided yellow tint in comparison with that purified by 
pure acid. Selenium dioxide has a greater reaction than the 
clement itself. The coloration is not removed by subsequent 
treatment of the petroleum with pure acid. Probably the 
selenium acts as a direct oxidising agent, similar to nitric and 
nitrous anhydride, which have a similar but decidedly greater 
action than selenium dioxide. % 

The recovery of selenium a.s a commercial product will be 
described in the chapter treating of the by-products of 'the 
sulphuric-acid indu.stry. 

• 

Purification of Sulphuric Acid by Spccud MiMhods 
[by Electrolysis^ etef 

According to*/- Eraffklin InstittMe, v. p. 45, lejd, iron, and 
arsenic can be removed by subjectin^^ the sulphuric acid 
electrolysis. , • ^ 

Askenasy (Ger. P. 86977) .subjects sulphuric “dcid for some 
time to electrolysis jftid allojis thC products fo act upor^ the 
acid. Amor^ these»j^ ozone, \thic^ destroys orgjmic substances 
and hydrochlorjf acid (with fgi;mation of chlorine) finely 
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divided sulphur, which reduces the nitrogen compounds; and 
hydrogen sulphide, ^tvhicla acts in the same nUnner an'd also in 
pTecipitaling any metals present. «The latter takes place only 
with coHcen^ated acid. The electrolysis is carried out at 
ordinary or slightly elevated temperatures, with lead electrodes 
v;^»ut diaphragm, and with agitation of the liquid, beginning 
thi§ ciftfea the current has acted quietly for sorr?e time. The 
' currei)J:-density should be i or 2 amps, per square decimetre and 
♦he tension 6«volts. After a few hours the acid ^s colourless; it 
is then heated up, i& necessary, in order to a^glomef^te the 
precipitate, or else diluted and afterwards filtered. 

Teed (B. P. 17612 of iScSy) proposes to remove the lead from 
sulphuric acid by means of hydrochloric acid. 

Nickles ^removes hydrofluoric acid from sulphuric acid by 
diluting this with twice its volume of water ,and heating fiy 
fifteen houi^, replacing the water as it evaporates. 

^ Coloured Acid. 

A hrowu colour is so frequently found in sulphuric acid up to 
about 80 per cent., that the designation “ brown oil of vitriol” 
(B.O.V.) has become universal in England for acid of about 
140'' Tw. This colour is destroyed during the higher concentra- 
tion of the acid, and also by the treatment with sulphuretted 
hydrogen (p. 1067), but not always entirely. 

Ntirrenberg {Clicm. Ind,, 1890, p. 363) points out that the red 
colour sometimes fjpund in commercial sulphuric acid of about 
140" Tvv. may be^ formed by the contact of that acid, when epn- 
taiifing a slij[ht quantity of nitrous acid, with iron tanks. The 
iron, acting upon the nitrous acid, generates nitric oxide, which 
i^ dissolve in the ferrous sulphate formed — thereby producing 
^the i^d colour. Oxidising agents discharge this Colour by 
converting tlie ferrous into ferric salt, and the NO into NgOjj. 
Completely c}enitrate(i acid never assumes the red colour vyhen 
kept in iroi^. tanks, nor dbes stronger acid (“ rectified , ojl of 
^vitriol ”), which has much less action upon the iron. The same 
colour may be produced in the smAll chambers or “tambours** 
sometimes placed before the first large chamber; here the 
sulphuric acid fs still predominatl^t, and i{*on is present as flue- 
dust, so that t^^ conditipns *are present fpV the formation of a 
soluticyn of NO in F^O^. ^e main ehaml^evs, where nitre 
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'••predominates, never show tAt colour, as here all ihe iron must 
be preseht as ferrfc sulphate* 

The red colour, frequetftly iiTiparted\o sulphuri% acid 15 y 
selenium, has been discussed, supn), p. 1071. 

A ver)' deeply coloured kiivd of acid is the aLid-tar or aludge- 
which will be .described more fully in Chapter IX. •I^s 
the residue fr^m the acid treatment of mineral oils. , • 

Waring and Brcckenridge (Amer. T. 643578) purij}' this 
acid-tar by mi^mg with it, at low temperatures, jwdium nitrat# 
in jusjfhe quantity required to effect the^)urification. 

* Th? colour of waste acid from operations ^nifro- 

glycerine, gun-cotton, nitro-benzene, etc.) may also be vefy 
strong, but this acid is hardly ever .sent into trade. It is 
usually denitrated at the works where it has b(?fn obtained, 
j^here the colopr remaining in the recovered sulphuric aci(J 
js^of no consequence. 


Preparation of C/iemieally Pure Sulphuric Aeid. 

Hayes /., cx. p. 104) proposed to add nitre to 

sulphuric acid of 1 52 Tw., coming from the lead pans, sufficient 
for destroying the largest portion of any hydrochloric acid 
present, and for oxidising completely the sulphurous and 
arsenious acids, then to destroy the nitrous acid, etc,, again by 
adding J per cent, of ammonium sulphate, then to add a little 
oxide of lead, to allovv it to settle in leaden vessels, and tJ cool 
the clear acid siphoned off in shallow lead piiiisdown to*- 18 C, 
In this case the hydrate SO^ik^+Iip crys^alli.scs out; the 
mother liquor containing all impurities is decanted^ the crystals 
are washed with pure acid, and then form square prisms, some- 
times an inch thijk and i J in. long. These are fused in cle 3 n 
lead ves^ls and used as they are, or further concentratgfl a 
platinum still. This process was intended to save the distilla- 
tion; it has not been successful, however ; for it troublesome 
and yet does not^prq^uc^a really ptfre acid. •Exactly the same 
plan has been proposed by Tjaden-Moddermann {Z. anal, Chem,^ 
1882, p, 218 ; Fischcris Jahrhber., 1882, p. 260). ^ ^ 

The only plan for making perfectly pure suipiiuric acid for 
pharmaceutical and^nalyti|d purposes is fractional di^xlla- 
tioHf connected withVnch operatiJns js previously remove the 
volatile impuriyps the vitrig^ or cqpvert thefn intg fixed 
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compounds. We have seen (pp. 1646 and 1067) how the arsenic 
ahd the nitrogen ccwnpoi^nds can be removed.'* We may destroy 
the latteii^first by amifionium ^Iphate, and copvert the arsenious 
acid intQ no^-vojatile arsenic acid, or else add a little comnfion 
salt and reject the first <iistillate,<which contains all the arsenic 
^ j^sA^Qg. Il: is safer, on account of the danger of spurting, first 
toJbiQiOvp both nitrogen compounds and arsenic by means of 
‘ sulphuretted hydrogen ; but then the acid must be first much 
diluted. It never becomes absolutely free fro'.n^ arsenic in this 
way; it is thereforcf preferable to employ brimstone ^^id for 
rertification. 

• According to Nicklcs, hydrofluoric acid can be removed by 
diluting it with twice its bulk of water and heating it for 
fifteen hout^XO'^ p, 1074). • 

^ The fixed substances, such as iron, lead, copper, etc., remaig 
in the retorl on rectifying; and in order to avoid contaminatipn 
with organic substances, the receiver is changed when aoout 
one-twentieth par,t of the acid has come over ; the distillation is 
interrupted when only one-eighth to one-tenth of the acid is 
left behind.' The portion distilling between these two limits is 
quite pure, e 

The distillation of sulphuric acid in glass retorts is a very 
disagreeable and even dangerous operation, on account of the 
strong bumping caused by the sudden development of large 
bubbles of vapour; this is especially favoured by the lead 
sulphate separating. In such cases the retort is sometimes 
bodily lifted up, knd of course smashed when it falls back upon 
its seat. The bumping must therefore be avoided as much as 
possible, for which purpose the following plans have been 
pvoposed.^ 

Berzelius prescribed heating the retort more from^the sidc$ 
than from ‘below, by placing a sufficiently wide sheet-iron 
cylinder upon the grate of the furnace, so that the bottom of the 
retort just fits int<^ it ; the^ioals in the furnace then only heatifcic 
si^es. In tfiis case, ho\yever, the iron cylinder may act as a: ; 
cracking ring; and A. Muller {Polyt. Qentr., ^860, p. 1069) 
therefore e’lilproys an iron pan, in whose bottom a spetSal iron 
ring, protects ‘the retorj-botton^ from ''heating, ‘ whilst 
remaining spac^ of the pan touno the retprt is filled with firie 
cast-iron borings, Sonietime^^the retort© is hgafted in an iron 
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vessel just fitting it, \iihich » generally filled with sand ; Reese 
Polyt. J,, ch;. p. 395) {Rits ashes, on tiie bottom, as a bfd 
conductor of heat Frequoritly, liow'evc^ the retort js heattd 
\if an open fire, and is merely protected by asb^sto% or by a 
paste of clay which is continui^d up t^i^thc curve of the necl?, so 
that the vapour is prevented from condensing too ?oon., ^ ^ 
' In any case the retorts must be made of very 
free from knots, equally thick all over, and not too larjje/the 
neck must be protected against draughts, and miist not extend 
to the^#iiiddle*of the receiver, as the lattc| might be cracked by 
the hdt drops of acid falling into it It is neither necessary nor 
advisable to cement the joint between the retort and the 
receiver, or to cool the latter, considering the high boiling-point 
qf the acid ; but it is useful to place a strip of asbf!ftos between 
the neck of the^ retort and the receiver, in order to protect th^ 
fa^r against over-heating at the point of contact • 

^^he bumping is very commonly avoided by putting in 
substances which favour a regular evolutioy of vapour. For 
this purpose the following substances may be employed : — 
platinum scrap or wire, for instance in the shape of spirals; 
bits of quartz, of porc^ain, or of very hard coke; Pelloggio 
recommended a wide glass tube, drawn out to a fine point at 
the lower end, and reaching almost down to the bottom of the 
retort; through this the air can communicate with the interior 
{Polyt, Centr., i868,^p. 592), Hager has tried this and ^ound 
it useless. Dittmar conducts a continuous^slow current of air 
through the boiling acid ; this expedient has afisweted very well 
in my own kboratory. • 

When di^illing about i cwt. at a time, it take? from five to 
six hours of moderately strong heating before the qpntentst^f 
the retoft begin *to boil ; after twelve hours one-twentieth has^ 
distilled off. The receiver is now changed; aft?r thirty-six 
hours (counting from the commencemel^t) the ac 7 d is distilled 
Within one-eight|^r ?^e-tenjh, and the oj^ration is stopped. 
According to whethSf the first chaijge of receiver has beji^ 
made a Rttle ^oner pr laterf acid more or less concentrated is 
obtained. 

l*he following mAhod is|jiighiy pccommenfled, because the 
danger of hspidling !|pch largj^ualtities is theraby avoided. A 
small tubulatedft^tortJiolding froja a pintjo a quartws employed ; 
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’above-tftis, a" little on one side, a*' bottle of convenient size is 
. rfcunted, providec 3 kwlth, a glass tap, into which the sulphjjric 
' afid to'b^ rectified isfut,aftef it hat; been freed from all volatile 
impuritifs b^^' previous heating. The distillation is now started 
in fhe small retort, whick is about half filled, and into which a 
a::rjips of platinum are put. ^ Afterwards, by means of the 
gla.$»itap ^nd of a finely drawn-out glass tube, as' much acid is 
allowed to run continuously from the stock-bottle into the retort 
tas is distillirrg off. The operation may be cofitinued till too 
large a quantity of fi:(iid substances is accumulated in tlfe/etort. 
r have .seen this plqn at work on a small .scale in English* 
factories. 

Pure sulphuric acid is now attainable in commerce at such a 
low price tK^tt it could not be produced by any of the just- 
described means. It is in reality manufactured from the weak 
acid distill?hg over in the production of rectified oil of vi^cjoi 
(O'f next Chapter), which is concentrated by evaporation in^lass 
retorts, or preferably in a small platinum still, to the point 
required. 

Schiitz (^. (Uigeiv, C/ieni.^ 1911, p. 487) again describes this 
well-known«process, without any essential addition of his own. 

If acid of 98 per cent. HoSO^ is manufactured by concen- 
trating in iron retorts or otherwise, the acid distilling over from' 
the retorts is often of the proper strength of “ rectified O.V.”(on 
the Continent and in America = 66'^ Be.), viz. 93 to 93-5 per 
cent. H0SO4. If yae arsenic has previously been removed, the 
distilled O.V. wilt be practically pure acid. 

in England the designation “ rectified oil of vit*^?Ol ”(R.O.V.) 
or “ distillecf oil of vitriol ” (D.O.V.) is commonly^ used, not for 
distilled sulphuric acid, but for acid concentrated by evaporation 
, to 93f»per cent. H.^SO,j= 168' Tw. 

Absolutely pure sulphuric acid is made by Brialle (B. P. 
2(1434 of 1908J by direct oxidation of ),iquid sulphur jlioxide by 
means of nascent oxygen, ( 5 btained byfilectroly tic decomposition 
^p^vvater. He describes ^n apparatus adapted to this'purpose. 


END OF PART II. 






